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Abstract: It has been reported in the mathematics education literature that many students 
hold unproductive beliefs about the nature of mathematics, which in turn can negatively 
affect their mathematics achievement. We do not know, however, how online homework 
affects students’ beliefs about the nature of mathematics or their ability to do 
mathematics. Because of the growing popularity of online homework and the resources 
which are offered with it (e.g. multiple tries, hints, ‘see similar example’ features), it is 
important to explore whether such resources reinforce unproductive beliefs about 
mathematics, or if they help to alleviate such beliefs. This study seeks to explore what 
students believe about the nature of mathematics in the context of online homework, as 
well as what they believe about mathematics in an outside-of-school context. The latter is 
of interest because students often see a difference between school mathematics and 
mathematics in real life. The results of this study, based on quantitative and qualitative 
survey data coupled with follow-up interviews, indicate that students taking 
Mathematical Functions and Their Uses (MATH 1483) in the spring 2020 semester hold 
many productive beliefs about the nature of mathematics both in an online homework and 
outside-of-school context. Qualitative data from students’ short-answer responses on the 
survey, as well as interview data, give further insight into these beliefs about mathematics 
in both contexts, and point to ways that online homework platforms can be improved to 
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Homework plays a significant role in undergraduate students’ learning of 
mathematics. University Calculus I students spend more time doing homework than they 
do in class (Ellis et al., 2015; Krause & Putnam, 2016). In upper-division mathematics 
courses, students are commonly expected to spend considerable time outside of class 
working on problems (Lew & Zazkis, 2019). Online homework has become increasingly 
popular in undergraduate mathematics courses, saving instructors and math departments 
time and resources by providing immediate feedback, instant grading, and individualized 
assignments. For example, over 1 million students and 2,600 educational institutions use 
an online homework platform called WebAssign each year (WebAssign.net). Similarly, 
WebWork, another online homework platform, is used at over 700 colleges and 
universities (Webwork.maa.org).	
Homework is one of students’ opportunities to interact with mathematics content. 
Because students spend a lot of time doing homework, it is important to maximize its 
potential as a learning opportunity. Few studies have investigated what students learn 
from homework, how it influences their beliefs about mathematics, or their ability to do 
mathematics. Both cognitive and affective factors play a critical role in students’ 
mathematical success (e.g., Carlson, 1999; NCTM, 1989; Schoenfeld, 1988). The 
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technological affordances of online homework, such as immediate feedback, multiple 
tries, and hints provide unique opportunities to influence students’ cognition and affect. 
The study reported on here follows from the hypothesis that online homework tasks and 
platforms can be improved to better support students in developing productive beliefs 
about the nature of mathematics and about their ability to do mathematics.	
 Students’ beliefs regarding mathematics and their ability to do mathematics are 
important because these beliefs affect the ways in which students engage with 
mathematical content (e.g., Carlson, 1999; Garofalo, 1989; Kloosterman, 2002; Leder & 
Forgasz, 2002; Schoenfeld, 1988). The 1989 National Council of Teachers of 
Mathematics (NCTM) Standards emphasized the importance of students’ mathematical 
beliefs, explaining that beliefs “exert a powerful influence on students’ evaluation of their 
own ability, on their willingness to engage in mathematical tasks, and on their ultimate 
mathematical disposition” (NCTM, 1989, p. 233). Furthermore, the National Research 
Council (NRC) specified five strands of mathematical proficiency included in the 
Common Core Standards for Mathematical Practice. The fifth strand that is specified is 
productive disposition, defined as a “habitual inclination to see mathematics as sensible, 
useful, and worthwhile, coupled with a belief in diligence and one’s own efficacy” (NRC, 
2001, p. 5). Having beliefs about mathematics that lead to a productive disposition is 
important, but such beliefs are not always held by students. Research that informs how 
instructional systems can better support students in developing productive mathematical 
dispositions can contribute to improving success rates in mathematics courses. 
1.1 Problem Statement	
It has been documented in the literature that many students hold unproductive beliefs 
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about the nature of mathematics. Schoenfeld (1992) identified the following widely-held 
beliefs:	
1. Mathematics problems have one and only one right answer. 
2. There is only one correct way to solve any mathematics problem—usually the 
rule the teacher has most recently demonstrated to the class. 
3. Ordinary students cannot expect to understand mathematics; they expect simply to 
memorize it, and apply what they have learned mechanically and without 
understanding. 
4. Mathematics is a solitary activity, done by individuals in isolation. 
5. Students who have understood the mathematics they have studied will be able to 
solve any assigned problem in 5 mins or less. 
6. The mathematics learned in school has little or nothing to do with the real world. 
7. Formal proof is irrelevant to the processes of discovery or invention (Schoenfeld, 
1992, numbering added). 
Beliefs similar to these have been reported elsewhere in the literature (Hauk & 
Segalla, 2005; Schoenfeld, 1988; Spangler, 1992). These types of beliefs are 
unproductive in the sense that they do not support a “habitual inclination to see 
mathematics as sensible, useful, and worthwhile, coupled with a belief in diligence and 
one’s own efficacy” (NRC, 2001, p. 5), and have the potential to produce undesired 
consequences. Productive beliefs, on the other hand, support students in persevering in 
problem-solving (e.g. Carlson, 1999). For example, one typical belief that students hold 
about the nature of mathematics is that if a student understands the mathematics they 
have studied, they should be able to solve any assigned problem in five minutes or less 
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(Schoenfeld, 1992). As a result of holding such a belief, Schoenfeld (1992) explained that 
students “will give up on a problem after a few minutes of unsuccessful attempts, even 
though they might have solved it had they persevered” (p. 359). In contrast, Carlson 
(1999) found graduate students who believed they could solve problems persisted until 
the problems were solved and found that these students’ beliefs about mathematics 
played “a prominent role in [their] success and continued mathematical study” (p. 238). 
Productive beliefs identified by Carlson (1999) include: mathematics is a process 
involving “many incorrect attempts”; effort is needed when completing difficult 
problems; and “persistence will eventually result in a solution to a problem” (p. 254-255). 
As another example of a consequence of students’ beliefs about the nature of 
mathematics, Garofalo (1989) found that when students believed that almost all math 
problems can be solved directly by using facts, formulas, and rules provided by the 
textbook, they spend their time memorizing these facts and formulas rather than trying to 
understand the concepts.  
 Within the literature pertaining to online homework, most of the focus has been 
on student achievement in online platforms versus paper-and-pencil homework, and what 
students like or dislike about such platforms. Researchers have only recently begun to 
focus more on homework task design and how students engage with online homework 
systems (e.g. Breen & O’Shea, 2019; Dorko, in press, 2020a, 2020b; Holdener & Jones, 
2019; Morena, Smith, & Tablbert, 2019). We also know that immediate feedback and 
multiple tries support students in problem solving (Dorko, in press). However, we do not 
know how online homework affects students’ beliefs about the nature of mathematics or 
their ability to do mathematics. Because of the growing popularity of online homework, 
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and the resources which are offered with it (i.e. multiple tries, hints, ‘see similar example’ 
features), it is important to explore whether such resources reinforce the non-productive 
beliefs about mathematics as mentioned above, or if they help to alleviate such beliefs. 	
 As well as identifying students’ beliefs about mathematics in the context of online 
homework, this study also seeks to explore whether these beliefs are similar to or 
different from their beliefs about mathematics as a discipline and in real life. This is 
important because students often see a difference between school mathematics and 
mathematics in real life (Schoenfeld, 1988). Supporting a productive mathematical 
disposition involves supporting both students’ beliefs about mathematics in a school 
context as well as an outside-of-school context, and is important specifically because of 
the focus population of this study. 
The population which this study focuses on are students in Mathematical 
Functions and Their Uses (MATH 1483), an entry level mathematics course replacing 
College Algebra for students who are non-STEM majors. This course is designed to be 
more applicable to students’ interests and majors, situating all problems in real-world 
contexts, and is designed to leverage students’ real-world knowledge. Hence it is 
reasonable that students might leave the course with an appreciation for mathematics as 
relevant to their lives and careers. This aligns with the goal of students learning how to 
reason deeply and think mathematically in order to contribute to advancing society and 
“compete in today’s and tomorrow’s economy” (NRC, 2001, p. 144).	
 In an effort to fill the gap in the literature, this study responds to the questions: 
What do MATH 1483 students believe about the nature of mathematics in the context of 
online homework? and What do MATH 1483 students believe about the nature of 
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REVIEW OF LITERATURE 
 
In this chapter, I review the relevant literature pertaining to students’ 
mathematical beliefs. First, I give a definition of beliefs about mathematics. I then discuss 
research findings concerning in-service and pre-service teachers’ beliefs about 
mathematics, as well as students’ beliefs about mathematics.  
2.1 Beliefs About Mathematics 
 While there has been much research over the years focused on students’ 
mathematical beliefs, there is need to clearly define what one means by beliefs about 
mathematics. There is no consensus in the mathematics education literature concerning a 
definition of students’ mathematical beliefs (Leder & Forgasz, 2002; Törner, 2002). This 
study follows Op’T Eynde et al. (2002): 
Students’ mathematics-related beliefs are the implicitly or explicitly held 
subjective conceptions students hold to be true about mathematics education, 
about themselves as mathematicians, and about the mathematics class context. 
These beliefs determine in close interaction with each other and with students’ 
prior knowledge their mathematical learning and problem solving in class (p. 27).  
This definition was developed by Op’T Eynde et al. (2002) after they reviewed four 
categorizations of students’ beliefs provided by Underhill (1988), McLeod (1992),
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Kloosterman (1996), and Pehkonen (1995). From these four earlier categorizations, Op’T 
Eynde et al. (2002) developed a framework of students’ mathematical beliefs as including 
1. Students’ beliefs about mathematics education: (a) beliefs about 
mathematics as a subject, (b) beliefs about mathematical learning and problem 
solving, and (c) beliefs about mathematics teaching in general 
2. Students’ beliefs about the self: (a) self-efficacy beliefs, (b) control beliefs, 
(c) task-value beliefs, and (d) goal-orientation beliefs 
3. Students beliefs about the social context: (a) beliefs about the norms in their 
own class, (a1) the role and functioning of the teacher , (a2) the role and 
functioning of the students, and (b) beliefs about the socio-mathematical norms in 
their own class (Op’t Eynde et al., 2002, p. 28) 
Op’T Eynde et al. (2002) represented these three dimensions of students’ 
mathematical related beliefs as shown in Figure 1. Jankvist (2009) noted a missing 
dimension to this characterization: students’ beliefs about mathematics as a discipline. 
This dimension was added by Jankvist (2009) due to the fact that “mathematics as a 
discipline is rather different than mathematics as a subject”, which is included under 
mathematics education in Op’T Eynde’s (2002) categorization. Jankvist (2009) defined 
students’ beliefs about mathematics as a discipline (in contrast to their beliefs about 
mathematics as a school subject) as including “students’ view about mathematics as a 
pure science, an applied science, a system of tools for societal practice, and a platform for 
aesthetic experiences” (p. 84-85). Jankvist (2015) expanded the triangle figure offered by 
Op’T Eynde et al. (2002) as depicted in Figure 2, which shows the added dimension of 




“Constitutive dimensions of students’ mathematics-related belief systems” illustrated by 
a triangle with the corners: mathematics education, social context (the class), and the 




 An expansion of the triangle to a tetrahedron, with the added dimension above the 





Because this study seeks to explore what MATH 1483 students believe about 
mathematics in an online homework context, as well as what they believe about 
mathematics in an outside-of-school context, the framework provided by Jankvist (2015) 
will be utilized, with the focus on the two vertices labeled mathematics education and 
mathematics as a discipline. I consider mathematics done in an outside of school context 
to be included within Jankvist’s (2015) dimension of mathematics as a discipline. I used 
the phrasing outside of school context within the survey statements (as described in the 
Methods section) so that students would be more likely to understand what they were 
being asked, and because I felt like students may not know how to interpret what is meant 
by mathematics as a discipline. 
2.1.2 In-Service and Pre-Service Teachers’ Beliefs About the Nature of Mathematics 
Much of the research on beliefs about mathematics comes from studies of pre-
service and in-service teachers. Because the beliefs that teachers have about the nature of 
mathematics have a powerful influence on students’ beliefs, this is not surprising.  (See 
Thompson [1992] and Philipp [2007] for a synthesis on teachers’ beliefs, and the 
influences of teachers’ beliefs.)  Because pre-service teachers are included in the 
population of students in this study, this section will discuss work that has been done in 
examining pre-service teachers’ beliefs about the nature of mathematics. 
Ernest (1989) described three categories of teachers’ beliefs that have been widely 
reported in studying both in-service and pre-service teachers. The first is instrumentalism, 
which views mathematics as “an accumulation of facts, rules and skills to be used in the 
pursuance of some external end” (p. 250). According to this view, mathematics is made 
up of unrelated facts, rules, and procedures. The second is Platonism, which views 
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mathematics as “a static but unified body of certain knowledge” that is “discovered, not 
created” (p. 250). The third view of mathematics, the problem-solving view, considers the 
subject as a “dynamic, continually expanding field of human creation and invention”, and 
considers it as a process rather than a product (p. 250).  
Alba Thompson (1992) further explained that an individual teacher’s conception of 
the nature of mathematics may include one or more of the three philosophical views 
described above. She attributed this to the nature of one’s belief system, and the potential 
for one to hold seemingly conflicting beliefs. The nature of belief systems is further 
discussed below when discussing the theoretical perspective. 
It has been reported that pre-service teachers hold non-productive beliefs about 
the nature of mathematics similar to the beliefs that Schoenfeld (1992) mentioned 
(Ambrose, 2004; Viholainen et al., 2014; Watson, 2019). For example, the pre-service 
teachers in Viholainen et al. (2014) viewed mathematics as a “ready-made, static system” 
(p. 169), and did not view it as a subject involving problem solving. In Watson’s (2019) 
study, pre-service teachers viewed mathematics as static body of knowledge, which is 
discovered, not created. 
There have also been studies exploring whether the unproductive beliefs of pre-
service teachers could be altered (e.g. Maasepp & Bobis, 2015; McGinnis et al., 2002; 
Szydlik et al., 2003). These studies focus on changes in pre-service teachers’ beliefs 
following courses emphasizing problem-solving and teacher education programs 
designed to specifically encourage more productive mathematical beliefs. For example, 
Szydlik et al. (2003) found that it is possible for elementary pre-service teachers’ beliefs 
about mathematics to change as a result of a number systems course that encouraged 
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students to problem-solve and which fostered “sense-making rather than memorization” 
(p. 256). The change in the pre-service teachers’ beliefs about the nature of mathematics 
changed dramatically, as seen from survey and interview data. The interviews at the end 
of the course revealed that students attributed their change in beliefs to norms of the 
classroom culture, namely that the course emphasized challenging problems, the teacher 
provided very little assistance in answering problems, and that the students worked as a 
community to solve the problems. Similar to Szydlik et al. (2003), McGinnis et al. (2002) 
found that pre-service math and science teachers’ beliefs shifted to be more aligned with 
a productive mathematical disposition after participation in a teacher education program 
which emphasized reformed-based recommendations such as inquiry-based courses, and 
field experiences integrating science and mathematics. 
2.1.3 Students’ Beliefs About the Nature of Mathematics 
 As well as studies focusing on in-service and pre-service teachers, researchers 
have studied beliefs about mathematics held by STEM students, remedial mathematics 
students, and academically gifted high school students (Dewar, 2008; Frank 1988; Stage 
& Kloosterman, 1995). These studies reported similar findings to Schoenfeld (1992), 
agreeing that many students hold unproductive beliefs about the nature of mathematics. 
Along with literature documenting these unproductive beliefs that students have about 
mathematics, there has been research which has explored whether these unproductive 
beliefs can be challenged or altered (Hauk & Segalla, 2005; Jankvist, 2015; Jankvist & 
Niss, 2018; Rupnow, 2018; Szydlik, 2013; Taylor, 2009). 
 Several researchers have found that exposing students to mathematics courses 
involving problem solving, implementation of specially designed teaching modules, and 
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targeted interventions can help shift students’ mathematical beliefs from less productive 
to more productive (Szydlik, 2013; Jankvist, 2015; Jankvist & Niss, 2018; Rupnow, 
2018; Taylor, 2009). For example, after a five-week summer school program which 
emphasized difficult, open-ended mathematics problems, Taylor (2009) found that some 
of the non-productive beliefs held by students had changed. These changes were seen 
after giving students a pre-/post-survey which measured beliefs. The most significant 
change was found in students’ beliefs about the importance of understanding 
mathematics. The statement on the survey corresponding to this belief was: 
Understanding concepts is important in mathematics. The difference in the mean scores 
related to this statement were found to be statistically significant after the program 
compared to at the beginning (p<0.01). There were other beliefs, however, that did not 
change as a result of the program (i.e. there are some mathematics problems which 
cannot be solved with simple, step-by-step procedures). Taylor (2009) explained that this 
may have been because of the small sample size (n=23), as well as the short time frame 
of the program. 
 In another study, Szydlik (2013) sought to find out if general education students’ 
beliefs about the nature of mathematics could be affected by taking a one-semester course 
which emphasized problem-solving. The course was designed so that students were 
working in groups and engaged in “authentic mathematical experience[s]” (p. 98). 
Szydlik (2013) used the Mathematics Beliefs Instrument (MBI) both at the beginning and 
the end of the course to measure changes in students’ beliefs. The quantitative data from 
the MBI revealed that students’ beliefs at the beginning of the course were found to be 
aligned with the beliefs identified in Schoenfeld (1992), viewing mathematics as mostly 
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having to do with rules and procedures. These beliefs changed drastically by the end of 
the course, with students expressing the value of the discipline of mathematics, and a 
smaller percentage of students emphasizing that mathematics has to do with procedures 
and formulas. 
 Similar to Szydlik (2013), Jankvist (2015) also found that students’ unproductive 
beliefs about the nature of mathematics could be challenged. This was seen after 
implementation of two teaching modules which exposed students to applications, history, 
and philosophy of mathematics. Through giving students questionnaires and interviewing 
students, one major shift in students’ beliefs was identified, and was related to 
mathematics being discovered or invented. After the teaching modules, the majority of 
students believed that mathematics was invented rather than discovered. The researchers 
related this change to the fact that the teaching modules exposed students to mathematical 
advances such as Hamming’s development of error-correcting codes, and the historical 
development of negative numbers. One student, Gloria, first expressed that “You can’t 
come up with some brilliant mathematical thing now – because so much have already 
been created” (p. 52). This belief changed by the second teaching module, as she realized 
the possibility for new mathematical developments even today. Gloria expressed that this 
change was due to the modules causing her to reflect on the nature of mathematics. 
 Jankvist and Niss (2018) implemented a targeted approach to alter students’ 
misconceptions and myths they believed about mathematics as a discipline. Math 
counselors identified students who held unproductive views of mathematics and designed 
activities to alter these beliefs “into more constructive ones”, thus “dispelling, at least 
partly, some of the myths that governed their view of mathematics” (Jankvist & Niss, 
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2018, p. 2). One student, Christian, believed that mathematics was mostly about 
memorization, and that it “makes no sense from a logical point of view” (Jankvist & 
Niss, 2018, p. 12). The math counselors focused on the topic of algebra, a subject that 
Christian had negative feelings about, and through showing Christian a few algebraic 
conventions and axioms, they led Christian to realize that he could actually arrive at 
mathematical conclusions on his own through reasoning and carrying out deductions. 
This dispelled his original belief that mathematics was just about memorizing procedures 
and caused him to have increased confidence in doing mathematics. The teaching 
modules also caused another student, Rikke, to realize that she did not have to be 
restricted to using only rules and formulas while doing mathematics, but that she could be 
successful at mathematics through using various methods such as experimentation, 
problem solving, and performing calculations. 
 In a fifth study, Rupnow (2018) explored abstract algebra students’ beliefs about 
the nature of mathematics from two types of classes. One was an inquiry-oriented class 
and the other was a class taught using two days of lecture and one day in which students 
discussed problems in groups. Rupnow (2018) found that students’ beliefs about the 
nature of mathematics did not noticeably change in either class. This was attributed to the 
fact that students’ beliefs may be quite established by the time they take an upper-level 
mathematics course. Though students’ beliefs about the nature of mathematics did not 
change, their beliefs about the possibilities of college mathematics instruction did. In 
particular, students were more open to non-lecture methods of instruction, in line with 
what they experienced in their class. 
 Lastly, this literature review located one study that reported on students’ 
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mathematical beliefs in the context of online homework. Hauk and Segalla (2005) found 
that online homework challenged students’ beliefs about the nature of mathematics which 
inhibited self-regulation. The beliefs that the students in this study held were similar to 
commonly held beliefs of college students identified by Spangler (1992). These four 
main beliefs were: 
(1) mathematics is computation that does not involve reflection during task 
engagement; (2) mathematics must be done quickly, or, spending little time is a 
more important task goal than sense-making; (3) mathematics problems have one 
right answer and no further action or evaluation is required once an answer is 
found; and (4) the teacher is the agent of mathematical learning, not the student 
(i.e., only intentional acts on the part of the teacher lead to learning, no 
intentionality on the part of the student is necessary) (Spangler, 1992 as cited in 
Hauk & Segalla, 2005, p. 241) 
Hauk and Segalla (2005) found that some students felt like they “weren’t really doing 
math” (p. 242), because the online homework program could perform computations such 
as (7-1)/3, which challenged Belief #1. Challenges to Belief #2 were seen as students’ 
comments expressed a tone of complaint related to having multiple tries in online 
homework, saying “math homework shouldn’t take so long” (p. 242). Belief #3 was 
challenged, in that 11% of students reported concern that WebWork problems could have 
more than one right answer. It is noted that the online homework platform accepted (7-
1)/3, 6/3, and 2 as all being correct. Lastly, Belief #4 was challenged in that students 
wanted hints about why an answer was wrong, viewing the WebWork program as a 
“surrogate teacher” which fails to be “active” (p. 242-243). 
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 A commonality in the studies that found a shift toward more productive beliefs 
was that students’ unproductive beliefs about the nature of mathematics were challenged 
and altered as a result of them taking courses emphasizing problem solving, as well as 
more targeted interventions to dispel mathematical myths. It is important to note that 
students' beliefs tend to be tenacious and resistant to change (Pajares, 1992). This 
resistance is seen in Rupnow’s (2018) study, as students’ beliefs about the nature of 
mathematics did not seem to change, explained to be the result of their beliefs being quite 
established by the time they took an upper-level mathematics course. Jankvist (2015) 
expressed that reflection is an important component of altering students’ beliefs, and that 
“the higher the level of reflection associated with changes in beliefs, the larger the 
probability that the changes may last” (p. 44). It is important to note that the studies 
described above in which students' unproductive mathematical beliefs were challenged or 
changed all provided and exposed students to experiences which encouraged beliefs that 
were aligned with a more productive mathematical disposition. This is important to keep 
in mind as this current study seeks to extend upon this literature, as well as fill a gap, in 
exploring what beliefs MATH 1483 students have about the nature of mathematics in an 
online homework context, as well as in an outside-of-school context. 
 A key takeaway from the studies described above is that students’ mathematical 
beliefs can be altered by engaging students in particular mathematical experiences. 
However, with the exception of Hauk and Segalla’s (2005) work, this has been done 
primarily through classroom experiences. By focusing on students’ mathematical beliefs 
in online homework, my research lays the groundwork to leverage online homework in 









The underlying educational philosophy of this study is constructivist. In this 
theoretical perspective, beliefs are viewed as psychologically held and constructed by 
individuals through their experience in the world (von Glasersfeld, 1995). I will first 
define what I mean by beliefs, and I will then discuss the structure of beliefs and belief 
systems. I will conclude with discussing a framework for students’ mathematical beliefs. 
3.1 Defining Beliefs 
This section serves to ground the current study in an analysis of the nature of 
beliefs and the structure of beliefs as they function within belief systems. Before doing 
so, it is important to clearly define what is meant by the term belief. According to Philipp 
(2007), this term is widely used in the literature, but “many who write about beliefs do so 
without defining the term” (p. 259). Alba Thompson (1992) agreed, noting, “for the most 
part, researchers have assumed that readers know what beliefs are” (p. 129). Instead of 
making this assumption, I follow Philipp’s (2007) definition of beliefs. Based on an 
extensive literature review on the construct, Philipp (2007) defined beliefs as 
“psychologically held understandings, premises, or propositions about the world that are 
thought to be true” (p. 259). 
Similar to Thompson (1992), this study views beliefs as a subset of conceptions,
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where conceptions encompass “beliefs, meanings, concepts, propositions, rules, mental 
images, preferences, and the like” (p. 130). In using the term conception, Thompson 
(1992) pointed out the futility in looking for a definite characterization between beliefs 
and knowledge, and often used the terms interchangeably. Similarly, Beswick (2011) 
reviewed several ways in which people have distinguished beliefs and knowledge, but 
argued that such distinctions “are not at all clear cut”, and “for all practical purposes, […] 
are neither helpful nor necessary” (p. 48). The practicality of equating beliefs and 
knowledge is explained further by both Thompson (1992) and Beswick (2011), who both 
examined the beliefs of teachers, as they pointed out that teachers act as if their beliefs 
are true. This is consistent with the definition of beliefs from Philipp (2007) that this 
study adheres to, in which one’s beliefs are “thought to be true” (p. 259). In this way, 
beliefs in this study are seen as constructed in the same way that knowledge is 
constructed.   
 It is important to note that because this study follows from a radical constructivist 
perspective, with students’ beliefs being psychologically held, such beliefs must be 
inferred from what students say or do (Pajares, 1992). Because such inferences must be 
made, having multiple data sources is important to get a more complete picture of 
students’ mathematical beliefs. As outlined in the Methods section, this is why student 
interviews were conducted, in addition to having students’ responses to an online survey. 
Because this study views students’ beliefs as being constructed from their 
experiences in the world, both students’ experiences in online homework, as well as the 
experiences they are provided with in their mathematics courses, are important and can 
indicate ways in which students are supported (or not supported) in constructing 
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productive mathematical beliefs.  
3.2 The Structure of Beliefs 
Thompson (1992), drawing upon Green’s (1971) work, discussed the structure of 
beliefs, in that they reside in belief systems, and defines a belief system as “a metaphor 
for examining and describing how an individual’s beliefs are organized” (p. 130). 
Thompson (1992) goes on to explain three dimensions of belief systems. The first 
dimension is that a belief is never totally isolated from other beliefs. The structure of 
beliefs is quasi-logical, as some beliefs are foundational to others. Green (1971) 
distinguishes these beliefs as being either primary beliefs or derivative beliefs. For 
example, Thompson (1992) gives the example of a teacher holding the (primary) belief 
that presenting mathematics “clearly” is important. The teacher would then believe it is 
important “(a) to prepare lessons thoroughly, to ensure a clear, sequential presentation, 
and (b) to be prepared to answer readily any questions posed by the students” (p. 130). 
These are derivative beliefs. 
The second dimension that Green (1971) gives about beliefs systems is that 
beliefs are held with differing convictions. Central beliefs are those which are held most 
strongly, and peripheral beliefs are those which are “most susceptible to change or 
examination” (Thompson, 1992, p. 130). In the example given above, the teachers’ 
derivative belief of being prepared to answer questions may be more central due to the 
teacher wanting to “maintain authority and credibility” than for providing clarification for 
students (Thompson, 1992, p. 130). The third dimension of beliefs systems offered by 
Green (1971) is that beliefs are held in clusters “more or less in isolation from other 
clusters and protected from any relationship with other sets of beliefs” (p. 47-48). This 
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makes it possible for a person to hold, from an outsider’s perspective, contradictory 
beliefs, as beliefs in different clusters arise in independent contexts. Holding beliefs in 
this way allows for people to “avoid confrontation between belief structures” (Philipp, 
2007, p. 260). 
It is important to note, however, that “people always strive for a coherent belief 
system” (Op’T Eynde et al., 2002, p. 25). Leatham (2006) described belief systems as 
sensible systems, emphasizing the fact that even though an observer might conclude that 
one is holding contradictory beliefs, “the person holding those beliefs finds a way to 
resolve the conflict” and further says that “our incredulity does not diminish another’s 
coherence” (p. 95). 
The more central a belief is, the harder it is to change. There are beliefs which are 
derived from other more central beliefs, thus forming a belief system which is a very 
connected structure. This means that in order for a more central belief to change, the 
beliefs which are derivative to it must also change in order for the individual to maintain 
coherence in their belief system. 
3.3 A Framework for Students’ Mathematical Belief Systems 
In the literature review, I discussed Op’T Eynde et al.’s (2002) categorization of 
student beliefs, which Jankvist (2009) extended to include students’ beliefs about 
mathematics as a discipline. Represented by the tetrahedron in Figure 2, this view of 
students’ mathematical belief systems will be utilized in this study. Jankvist (2015) 
intentionally made the figure a tetrahedron instead of a square to emphasize that students’ 
beliefs about mathematics as a discipline develop through “the interplay between their 
social context (class), their mathematics education, and their self, which is to say the 
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triangle making up the base of the tetrahedron” (p. 45). 
Each vertex of the tetrahedron should be seen as a cluster included in students’ 
mathematical belief system. Because each vertex of the tetrahedron represents a cluster, 
there is the possibility for a student to hold, for instance, a belief about school 
mathematics that is seemingly contradictory to another belief about mathematics as a 
discipline. For example, Schoenfeld (1985) reported data on students’ beliefs and found 
that “on the one hand, there was a tendency to regard mathematics learning largely as a 
matter of memorization. On the other hand, the students expressed significant support for 
the idea that mathematics is interesting and challenging, allowing a great deal of room for 
discovery” (p. 14). The nature of beliefs being held in clusters within a belief system 
provides a way to explain the potential contradictions or discrepancies between students’ 
beliefs about mathematics in the context of online homework and their beliefs about 









4.1 Setting and Participants 
The participants in this study were students taking Mathematical Functions and 
Their Uses (MATH 1483) at a large public university in the US in Spring 2020. MATH 
1483 is an entry-level mathematics course which is part of the Oklahoma Math Pathways 
project. As an alternative to College Algebra, the course which STEM students take, this 
course is designed to be more applicable to non-STEM students’ areas of interest, and 
serves as a prerequisite both to Business Calculus and statistics courses for the social 
sciences. The textbook used for MATH 1483 presents problems in real-world contexts, 
and is designed so that “students see that mastery of basic mathematical thinking can be a 
powerful tool for success in many […] areas” (Crauder, Evans, & Noell, 2017).  
The fact that this course presents all problems in real-world contexts is important 
because the type of problems that students work on can impact their mathematical beliefs 
in different ways. In many mathematics courses, students are commonly given 
procedural-type problems. It has been reported that post-secondary Calculus 1 final 
exams mainly ask students to complete problems which are procedural in nature and 
seldom include questions which are situated in real-world contexts (Tallman, 2016). In 
addition to situating all problems in real-world contexts, MATH 1483 also encourages  
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students in solving problems using a variety of solution methods. This includes utilizing 
technology such as a graphing calculator to solve problems, as well as solving problems 
algebraically, or by hand.  For example, when learning how to solve quadratics equations, 
MATH 1483 students are shown both how to solve them algebraically, and also how to 
solve them by graphing.  
There were five total sections of this course, including two corequisite sections. 
The corequisite model is designed to get students into a college-level math course and out 
of remedial instruction faster by providing students with additional support, including 
added class meeting times which typically involve additional exposure to the course 
material and opportunities for working on problems in small groups. 
4.2 WebAssign 
Students taking MATH 1483 complete both online and written homework  
weekly. As a coordinated course, every student completes the same homework 
assignments. The online homework platform utilized for this course is WebAssign. This 
platform offers students immediate feedback on whether they answered a question 
correctly or not. If answered incorrectly, students have unlimited tries to answer it 
correctly, up until the due date. This excludes multiple choice questions, in which 
students have n-1 or n-2 tries (where n represents the number of possible answers). As 
well as having unlimited tries, the Practice Another Version feature is also enabled for 
students, which gives them the option to work on a different randomized version of the 
problem. 
4.3 Data collection methods 
 I will now discuss the data collection methods of the study, including a 
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description of the online survey that was given to students, how the survey data was 
analyzed, a description of the interview procedures, and how the interview data was 
analyzed.  
4.3.1 Online survey 
MATH 1483 students were given an online survey during week 8 of the Spring 
2020 semester which assessed their beliefs about mathematics in the context of online 
homework and their beliefs about mathematics in an outside-of-school context1. The 
survey was given midway through the semester so that the students had adequate time to 
use and get familiar with the online homework platform. 
To address the research questions, the survey consisted of 24 statements which 
were adapted from a modified version of the Fennema-Sherman Mathematics Attitude 
Scales (Fennema & Sherman, 1976). Many of the statements were similar to 
Schoenfeld’s (1992) list of commonly held beliefs of students. The 24 statements were 
made up of 12 pairs of parallel statements, in which students would respond to a certain 
belief both in the context of online homework and in an outside-of-school context. For 
example, the first two statements in the survey were: While doing online homework, 
knowing the underlying mathematical ideas is more important than the formulas; and, 
When math is done outside of a school context, knowing the underlying mathematical 
ideas is more important than the formulas. Students were asked to respond to each 
statement on a five-point Likert scale (‘Strongly Agree’ to ‘Strongly Disagree’). Half of 
the statements were phrased positively, reflecting a productive mathematical disposition, 
and half were phrased negatively, reflecting an unproductive mathematical disposition. 
                                               
1 The online survey was piloted during the Fall 2019 semester with one MATH 1483 student. This student 
also participated in a follow-up interview. 
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Each statement was scored from 1 to 5, with 5 reflecting a productive mathematical 
disposition. Whether the statement was positively or negatively worded determined how 
the statement was scored. For example, the first statement on the survey (‘While doing 
online homework, knowing the underlying mathematical ideas is more important than the 
formulas’) was positively worded, so a response of ‘Strongly Agree’ was scored 5 and a 
response of ‘Strongly Disagree’ was scored 1. The twelve pairs of belief statements on 
the survey resulted in each student having two ‘Belief Scores’, one pertaining to an 
online homework context and one pertaining to an outside of school context, each score 
ranging from 12 to 60. The survey also asked students to respond to five statements 
pertaining to having unlimited tries in online homework, to explore whether this added 
feature influenced their views of the nature of mathematics in this context. 
Along with responding to each statement with their level of agreement, students 
were also asked to give a brief explanation of why they responded as they did. Because of 
the nature of Likert-type surveys and some of the weaknesses identified with such 
instruments (i.e. difficulty in knowing how respondents are interpreting items, and items 
not being contextualized [Ambrose et al., 2003]), students were asked to provide an 
explanation after indicating their level of agreement. This helped to ensure the reliability 
of the survey, and to be able to capture students’ nuanced responses to the statements. 
4.3.2 Analysis of survey data 
Quantitative Data: 
To analyze the Likert-scale responses from the online survey, the descriptive 
statistics for each survey statement were computed. Since the 24 belief statements on the 
survey were made up of 12 sets of parallel statements in which students would respond to 
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a certain belief both in the context of online homework and in an outside-of-school 
context, each student had two “Belief Scores”, one for each context. The mean scores for 
each statement were also examined, as were the differences in mean scores for each 
statement between the two contexts. This allowed me to determine in what context 
students were exhibiting a more productive mathematical disposition in (i.e. what context 
they were scoring higher in). Also, in looking at the differences in the means for each 
belief statement across the two contexts, I was able to identify which beliefs students 
were scoring highest in, and which beliefs had the greatest difference in scores between 
the two contexts. 
Qualitative Data: 
After responding to each statement on the Likert-scale, students were then asked 
to provide a short explanation as to why they responded as they did. To analyze these 
written responses, we employed the constant comparative method (Strauss & Corbin, 
1994). The constant comparative method involves the researcher identifying themes in 
the data, and then creating categories to sort and describe the data. This is an iterative 
process where the researcher uses a subset of the data to develop initial categories as well 
as criteria for the categories, and then codes the entire data set to test those categories and 
refine them. This process continues until the categories describe the entire data set.  
The constant comparative method in this study involved several iterations of 
developing codes, refining them, re-coding data, and refining the codes for each survey 
item. It is important to note that each survey item was coded individually; for example, I 
developed codes for survey item 1a, While doing online homework, knowing the 
mathematical ideas is more important than the formulas and then began the coding 
28 
 
process anew for item 1b, When math is done outside of a school context, knowing the 
mathematical ideas is more important than the formulas. While in many cases students’ 
responses to the survey items were similar, it was important to capture nuances in how 
students thought about the two contexts because such nuances are at the crux of the 
research question of exploring MATH 1483 students’ beliefs about the nature of 
mathematics in an online homework context as well as an outside-of-school context. 
In terms of the specific steps in the constant comparative analysis, I first selected 
responses from ten students (chosen randomly), to develop initial codes for the short 
answer responses. I then coded the full data set using those initial codes, making 
adjustments to them as needed, which included refining certain codes and creating new 
codes. For each code, I listed the necessary criteria that must be present for a statement to 
fit that code and also included example statements for each code. Once I coded the full 
set of short answer responses, the other member of the research team then coded the full 
data set using those codes. They then identified any refinements or additions that needed 
to be made to the codes, which resulted in updated codes after we discussed and agreed 
on any changes. Both researchers independently re-coded all the data using the refined 
codes. We then compared our coding to each other’s, and where any discrepancies were 
present, we discussed and came to an agreement as to what codes would best fit each 
short answer response. 
4.3.3 Interviews 
The last question on the online survey asked students to provide their name if they 
were willing to be interviewed to further discuss their responses. The interviews served to 
ask students to further explain their responses from the online survey, especially any 
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responses that were surprising or needed clarification. The interviews also served to 
provide context to and reasons for students’ beliefs, and gave further insight into how 
such beliefs were constructed. A common type of question that was asked in each 
interview was “In the online survey, you said ___________. Could you talk a little bit 
more about why you said that?” 
Because of COVID-19, which caused classes to be transitioned online and did not 
allow for in-person activities on campus to continue, only three interviews were able to 
be conducted. The interviewees were chosen because they were the first to respond as 
willing to be interviewed and time was of the essence due to the pandemic. The 
interviews were audio- and video-recorded. Table 1 below displays the gender, major, 
and length of the interview for these three students. 
Table 1  







Evan Male Sports Management 28 minutes 
Abbi Female Elementary Education 34 minutes 
Taylor Female Interior Design 40 minutes 
 
4.3.4 Analysis of interview data	
Once all the interviews were transcribed, each transcript was analyzed to identify 
students’ responses that further shed light on the themes which were identified in the 
short-answer responses of the online survey. As will be seen in the Results section, 
responses from the interviews are included after discussing the themes found in the 
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online survey. These responses from the interviewees provide more detailed explanations 










In this section I discuss the results of the study. These results describe MATH 
1483 students’ beliefs about the nature of mathematics both in the context of online 
homework and in an outside of school context. I first discuss the quantitative results of 
the study which come from students’ Likert-scale responses. I then discuss the qualitative 
results, including broadly identified themes found in students’ short answer response to 
the online survey items, as well as specific themes identified within selected survey 
items. Within this, I include interview data to give insight into the specific themes of 
students’ short answer responses. 
5.1 Quantitative Results 
As outlined in the Methods section, the quantitative results of this study come 
from analyzing Likert-scale data from an online survey. The survey questions included 
12 statements pertaining to beliefs about math in the context of online homework, 12 
statements pertaining to beliefs about math in an outside of school context, and five 
statements pertaining to having unlimited tries in online homework. Each belief statement 
was scored on a 5-point Likert scale, where 1 reflected an unproductive mathematical 
disposition and 5 reflected a productive mathematical disposition. Therefore, each student 
had a two cumulative belief scores, one for each context, which could range between 12 
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and 60 points. Descriptive statistics for selected belief statements are reported throughout 
Sections 5.3-5.7 as the qualitative results from those items are discussed. Table 2 shows a 
summary of students’ aggregate mean scores for the 24 beliefs statements on the online 
survey. 
Table 2 
Summary of aggregate mean scores for the 24 beliefs statements on the online survey 






Context (n=90) 23 54 37.64 5.84 
Outside of school 
context (n=90) 29 54 42.44 5.31 
 
The MATH1483 student aggregate belief scores in the context of online 
homework ranged from 23 to 54 out of a possible range of 12 to 60, with the mean being 
37.64. The aggregate belief scores in an outside of school context ranged from 29 to 54, 
with a mean of 42.44. The smallest difference between scores across the two contexts 
was 0 points, the largest difference was 28 points, and the mean difference was 4.8 
points, which indicates that on average, MATH 1483 students have a more productive 
mathematical disposition in an outside of school context than they do in an online 
homework context. Figure 3 shows a graph of the relative frequency distribution for the 








Relative frequency distribution for the difference in students’ aggregate belief scores 
between contexts. 
 
Of the 90 students who completed the online survey, 62 of them had a higher 
belief score in an outside-of-school context, 22 of them had a higher belief score in an 
online homework context, and 6 students had equal belief scores across both contexts. 




























Belief score difference between contexts 
Difference in Students' Aggregate Belief Scores Between 
Contexts (online HW context minus outside of school context)




Means for each belief statement/difference between contexts 
 Context  
Belief Statement (a) Online Homework  




1. The underlying mathematical 
ideas are more important that the 
formulas. 
3.69 3.83 -0.14 
2. There are often several 
different ways to solve a math 
problem. 
3.97 4.31 -0.34 
3. Time used to investigate why 
a solution to a math problem 
works is usually time well spent. 
3.63 3.67 -0.04 
4. In math, you can be creative 
and discover things by yourself. 
3.27 3.97 -0.7 
5. The math I learn in school is 
thought provoking. 
3.32 3.74 -0.42 
6. In addition to getting a right 
answer to a math problem, it is 
important to understand why the 
answer is correct. 
4.44 4.17 0.27 
7. Just about everything 
important about math is already 
known by mathematicians. 
2.07 2.9 -0.83 
8. To solve math problems, you 
have to know the exact 
procedure for each problem. 
2.5 3.02 -0.52 
9. Students who understand the 
math they have studied will be 
able to solve any assigned 
problem in five minutes or less. 
2.8 3.18 -0.38 
10. It doesn’t really matter if 
you understand a math problem, 
as long as you can get the right 
answer. 
3.7 3.66 0.04 
11. Math problems have one and 
only one right answer. 
 
  
1.83 2.99 -1.16 
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 Context  
Belief Statement (a) Online Homework  




12. Math is mostly a matter of 
memorizing formulas and 
procedures. 
2.42 3.01 -0.59 
 
As seen in Table 3 (above), on all but two statements, students scored lower when 
responding in the context of online homework than they did in an outside of school 
context, signifying a less productive mathematical disposition in an online homework 
context.  The first exception was statement #6, “In addition to getting a right answer to a 
math problem, it is important to understand why the answer is correct”, which had a 
mean of 4.44 in an online homework context, and a mean of 4.17 in an outside of school 
context, a difference of +0.27. The second exception was statement #10, “It doesn’t 
really matter if you understand a math problem, as long as you can get the right 
answer”, which had a mean of 3.7 in an online homework context, and a mean of 3.66 in 
an outside of school context, a difference of +0.04.  
 The belief statement that had the biggest difference between contexts was “Math 
problems have one and only one answer”. In an online homework context, students 
generally agreed with the statement (𝜇=1.83), and in an outside of school context, 
students aligned more with “neither agree nor disagree” (𝜇=2.99), a 1.16-point difference. 
The statement that had the second biggest difference in mean scores across contexts was 
“Just about everything important about math is already known by mathematicians”, with 
students generally agreeing to the statement in an online homework context (𝜇=2.07), but 
neither agreeing or disagreeing in an outside of school context (𝜇=2.9). Perhaps this 
result is not surprising, as the math in online homework is clearly known by 
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mathematicians, while math that could be done outside of school is much more extensive. 
The third largest difference in mean scores across contexts was 0.59 points, for the 
statement “Math is mostly a matter of memorizing formulas and procedures”. Again, 
students generally agreed to this statement in an online homework context (𝜇=2.42), but 
neither agreed nor disagreed in an outside of school context (𝜇=3.01). 
Overall, these quantitative results are encouraging in that students showed 
alignment with certain beliefs which reflect a more productive mathematical disposition 
than what is generally reported in much of the literature (c.f. Hauk & Segalla, 2005; 
Schoenfeld, 1992; Spangler, 1992). In particular, students agree to statements about 
understanding the underlying ideas as important both in an online homework context and 
in an outside of school context (statement #1, #6, and #10). Also, the commonly held 
belief that there are not many different ways to solve math problems is challenged here, 
with students expressing agreement with statement #2. The mean scores for statement #9 
are also encouraging, as it has been reported in the literature that many students believe 
math problems should be done quickly. The mean scores for this statement indicate that 
MATH 1483 students generally neither agree nor disagree that math problems should be 
solved in five minutes or less. Section 5.2 describes results from the qualitative data that 
yield insight into these quantitative results, reporting reasons that students give for their 
beliefs about mathematics in each context. 
5.1.1 Survey statements about having unlimited tries 
The last five statements of the online survey focused on unlimited tries in online 
homework. The results of students’ responses for these statements are recorded in Table 4 
below. Both the number of responses, and the corresponding percentage of students who 
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selected each level of agreement are shown. 
Table 4 
Results from survey statements about having unlimited tries 
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Being able to work on a 
problem until I get it 
correct has increased my 
overall confidence in my 
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As seen in the table above, the majority of students agree that they like having 
unlimited tries, that having unlimited tries helps them learn, that having unlimited tries 
increases their confidence in their ability to do math, and that they try online homework 
problems multiple times. Students’ responses to whether or not having unlimited tries 
makes them more likely to guess answers were more varied.  These statements on the 
survey, and particularly students’ short-answer responses explaining why they 
agreed/disagreed to the statements, give some insight into their beliefs about mathematics 
in an online homework context. This is discussed further below.   
38 
 
5.2 Overall themes across survey statements 
Students’ short answer responses revealed some prominent themes across 
multiple survey items, which will be discussed in more detail below. These themes 
include students’ belief that having an underlying understanding of the mathematics they 
do is important, both in an online homework and outside of school context. Reasons that 
students gave for the importance of having this understanding were varied, and will be 
discussed later as we look at particular themes within selected survey items. Next, the 
short answer responses also revealed that many students believe that there are multiple 
ways to solve problems, both in online homework and outside of school. This belief, 
along with their belief that having an underlying understanding of math problems is 
important, is encouraging and reveals that MATH 1483 students do hold some beliefs 
that are aligned with a productive mathematical disposition. 
Another noteworthy belief that was seen in students’ short answer responses was 
that math problems in online homework have only one right answer, whereas math 
problems done outside of school could have multiple right answers. As noted above in 
the discussion about the quantitative results, students’ belief that math problems have one 
and only one right answer showed the biggest mean difference across an online 
homework vs. an outside of school context. The specific themes identified within these 
survey items, as well as specific students’ responses, will be discussed in more detail 
below, and provide more insight into the numerical data. 
Lastly, students’ short answer responses also revealed their belief that doing a 
math problem in five minutes or less depends on the person doing the problem, or on the 
problem itself. This belief was prominent both in an online homework an outside of 
39 
 
school context. Again, this belief is perhaps more encouraging than what is commonly 
reported in the literature, that students believe that math problems should be able to be 
solved quickly (Schoenfeld, 1992). 
 Below I present the individual themes from selected survey items. These items 
were selected because they explain in more detail the broadly identified themes discussed 
above and most clearly give insight into and answer the research questions.  
5.3 Formulas versus underlying mathematical ideas 
Findings from the literature indicate that students often believe mathematics is 
formula-based. For example, Schoenfeld (1992) found many students believe there is 
only one correct way to solve any problem (usually the rule the teacher has most recently 
demonstrated) and that ordinary students cannot expect to understand mathematics, but 
rather must memorize and apply what they have learned mechanically and without 
understanding. Taken together, these findings suggest that students’ conception of the 
nature of mathematics may be that the important content of the discipline is formulas, not 
underlying ideas. The instructional approach and curricular materials in MATH 1483 
seek to promote ideas over formulas, in part by having students work exclusively on real-
world problems. To investigate what 1483 students believed about the importance of 
formulas and underlying ideas, I asked students to respond to the following four survey 
items: 
Survey item 1a: While doing online homework, knowing the mathematical ideas is more 
important than the formulas.  
Survey item 1b: When math is done outside of a school context, knowing the 
mathematical ideas is more important than the formulas.  
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Survey item 12a: The math in online homework is mostly a matter of memorizing 
formulas and procedures. 
Survey item 12b: Math that is done outside of a school context is mostly a matter of 
memorizing formulas and procedures. 
As detailed in the Methods section, students responded to these statements on a 
five-point Likert scale and completed a fill-in field asking them to explain why they 
answered in the way that they did. In the sections that follow, I describe the numerical 
data and then the themes from their short-answer responses. 
5.3.1 Likert scale results for survey items 1a and 1b  
Descriptive statistics for the first two online survey statements are shown below in 
Tables 5 and 6, along with Figure 4 which show the spread of students’ responses to the 
Likert-scale for both contexts. Both means show that students generally agree that 
knowing the underlying mathematical ideas is more important than the formulas, both in 
an online homework and an outside of school context (𝜇=3.69 and 𝜇=3.83, respectively). 
Seventy-one percent of students agreed (either strongly agreed or somewhat agreed) to 
the statement referring to an online homework context, while 70% of students agreed to 














Descriptive statistics for survey item 1a: “When doing online homework, knowing the 
underlying mathematical ideas is more important than the formulas” 
Mean Standard Deviation Variance Count 




Descriptive statistics for survey item 1b: “When math is done outside of a school context, 
knowing the underlying mathematical ideas is more important than the formulas” 
Mean Standard Deviation Variance Count 
3.83 0.92 0.85 90 
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mathematical ideas is more important than the formulas.
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Below are the descriptive statistics for the next two survey statements focusing on 
underlying understanding versus memorizing formulas (survey items 12a and 12b), 
shown in Tables 7 and 8, along with Figure 5 showing the spread of students’ responses 
to the Likert-scale for both contexts. These numerical results show that students generally 
agreed that math in online homework is mostly a matter of memorizing formulas and 
procedures, with survey item 12a having a mean of 2.42. When responding to whether 
math outside of school is mostly a matter of memorizing formulas and procedures, the 
mean was slightly higher (𝜇=3.01), signifying that students generally neither agreed nor 
disagreed with the statement. The graph, however, shows that students generally either 
agreed or disagreed that math outside of school is mostly a matter or memorizing 
formulas and procedures. Next, the themes within students’ short answer responses to 
these statements will be discussed, and will offer further insight into these numerical 
results. 
Figure 5 
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Student responses to: Math is mostly a matter of 
memorizing formulas and procedures




Descriptive statistics for survey item 12a: “The math in online homework is mostly a 
matter of memorizing formulas and procedures” 
Mean Standard Deviation Variance Count 
2.42 1.17 1.38 90 
 
Table 8 
Descriptive statistics for survey item 12b: “Math that is done outside of a school context 
is mostly a matter of memorizing formulas and procedures” 
Mean Standard Deviation Variance Count 
3.01 1.25 1.57 90 
 
5.3.3. Themes in survey items 1a and 1b 
 The constant-comparative analysis (Strauss & Corbin, 1994) detailed in the 
Methods section resulted in the following themes for the first two survey items (Tables 9 
and 10), which are not mutually exclusive. These tables allow the reader to obtain a brief 
overview of the themes, many of which are similar. 
Table 9 
Themes regarding from survey item 1a: “While doing online homework, knowing the 





1. Knowing how to use/understand the formula is important (the underlying 
idea and formulas are equally important)  
31 (35%) 
2. Understanding what’s going on, the underlying idea, is 




3. Knowing the formulas is what is important, they are what get the right 
answer  
20 (23%) 
4. Formulas are not always needed, there are multiple ways to solve 
problems  
4 (5%) 
5. Knowing the underlying idea is important because of tests/future 
problems 
3 (3%) 
6. I’m not sure  3 (3%) 
7. In online homework, the only thing that matters is getting the answers 




Themes regarding from survey item 1b: “When math is done outside of a school context, 





1. Knowing how to use/understand the formulas outside of school is 
important, both formulas and understanding are important 
18 (20%) 
2. Having a general understanding of the underling idea is what is 
needed/important for outside of school math 
39 (43%) 
3. Outside of school I don't do much math, or I only do simple math 4 (4%) 
4. Outside of school, formulas are what is important what gets you the 
answer 
7 (8%) 
5. Outside of school, your answer doesn't have to be exactly correct, there's 
more than one way to find answers, it's 'more casual' 
16 (17%) 
6. It depends on the problem/context if underlying idea is important outside 
of school or not 
4 (4%) 
7. Outside of school, getting the answer is what matters 6 (7%) 
8. I'm unsure 4 (4%) 
 
Tables 11 and 12 provide the criterion for an element of data to be coded as a 
particular theme as well as the frequency with which a particular theme occurred. These 
codes, as well as codes for all other survey items that will be discussed, are not mutually 
exclusive. We coded a total of 88 responses for survey item 1a and 92 responses for 





Themes, criteria, and examples for survey item 1a: “While doing online homework, 
knowing the mathematical ideas is more important than the formulas.” 
1a: While doing online 
homework, knowing the 
underlying mathematical 
ideas is more important 
that the formulas.  
Criteria: Example: Frequency 
(88 total 
responses) 
1. Knowing how to 
use/understand the formula 
is important (the 
underlying idea and 
formulas are equally 
important)  
1. student explains that 
both the importance of 
the formulas and being 
able to understand, OR 
2. they mention the 
importance of 
understanding how to 
use, and apply the 
formulas. 
“Remembering how 
to use the formula 
and its way is a bit 
more helpful than 
knowing just the 
formula.”  
31 (35%) 
2. Understanding what’s 
going on, the underlying 
idea, is important/helpful, 
not memorization  
1. student mentions 
how understanding the 
underlying idea is 
important, OR 
2. they mention how 
knowing the underlying 
idea makes it easier to 
do the problem; OR 
3. they mention that 
memorization is not as 
helpful 
“It is better to know 
the basis of the 
problem, then just 
know the actual 
formula”  
31 (35%) 
3. Knowing the formulas is 
what is important, they are 
what gets the right answer  
1. student explains that 
one just needs to 
formula to solve the 
problem, OR 
2. student explains that 
knowing the formula is 
more important than the 
underlying idea 
“I feel it is more 
important to know 
the formulas than 
the ideas”  
20 (23%) 
4. Formulas are not always 
needed, there are multiple 
ways to solve problems  
1. student explains that 
there are multiple ways 
to solve the problems, 
OR 
2. they explain that you 
can solve the problems 
without use of a 
“Sometimes you 
can do the questions 






5. Knowing the underlying 
idea is important because 
of tests/future problems 
1. student explains that 
having an 
understanding is 
important – for the sake 
of doing well on tests or 
homework problems 
“I feel like knowing 
the mathematical 
ideas will be more 
important for tests.”  
3 (3%) 
6. I’m not sure  1. student explains that 
they are not sure, or 
explains that they don’t 
understand the 
statement. 
“I'm not quite sure 
what you meant by 
mathematical ideas”  
3 (3%) 
7. In online homework, the 
only thing that matters is 
getting the answers and 
moving on, not the 
underlying understanding 
1. student expresses that 
they don’t care about 
the understanding; they 
just want the answer, 
the good grade. 
“Sometimes i feel i 
dont need all the 
whys it just is what 
it is this is how you 




Themes, criteria, and examples for survey item 1b: “when math is done outside of a 
school context, knowing the mathematical ideas is more important than the formulas.” 
1b: When math is done 
outside of a school 
context, knowing the 
underlying 
mathematical ideas is 
more important than 
the formulas. 
Criteria: Example: Frequency 
(92 total 
responses) 
1. Knowing how to 
use/understand the 
formulas outside of 




1. student mentions both 
the importance of the 
formulas and being able 
to understand, OR 
2. they mention the 
importance of 
understanding how to 




helps you know 
what formula to 
use.”  
18 (20%) 
2. Having a general 
understanding of the 
underlying idea is what is 
needed/important for 
1. student mentions how 
understanding the 
underlying idea is 
important, OR 
“It is important to 
understand what 




outside of school math 2. they mention how 
knowing the underlying 
idea makes it easier to do 
the problem; include 
mentions of knowing 
how to use ‘everyday 
math’, OR 
2. they mention that 
memorization is not as 
helpful, OR 
3. they simply respond 
with agreement  
3. Outside of school I 
don't do much math, or I 
only do simple math 
1. student mentions that 
they don’t do much math 
outside of school, or that 
they only do ‘simple 
math’ 
 “The math iv had 




4. Outside of school, 
formulas are what is 
important what gets you 
the answer 
1. student mentions that 
one just needs to formula 
to solve the problem, OR 
2. student mentions that 
knowing the formula is 
more important than the 
underlying idea 
“There are formulas 
that can be used in 
the real world to 
help make things 
easier”  
7 (8%) 
5. Outside of school, your 
answer doesn't have to be 
exactly correct, there's 
more than one way to find 
answers, it's 'more casual' 
1. student explains that 
there are different ways 
to solve problems, and 
that there doesn’t have to 
be an exact answer. 
2. student describes math 
outside of school as 
‘casual’, and less 
objective 
  
“Outside of school 
there are different 
ways to solve math 
problems on the 
smaller scale” 
16 (17%) 
6. It depends on the 
problem/context if 
underlying idea is 
important outside of 
school or not 
1. student says “it 
depends”, OR 
2. student explains how 
the underlying ideas are 
important in some 
settings, and not 
important in others.  
“In my degree that 
is sometimes true, 
however in other 
areas they are not as 
prevalent in a day to 
day basis.  
4 (4%) 
7. Outside of school, 
getting the answer is what 
matters 
1. student explains that 
getting the answer is all 
that matters. 
“In real world 
problems, more 
significance is often 




get the right 
answer.”  
8. I'm unsure 1. student explains that 
they’re not sure, or 
explains that they don’t 
understand the statement, 
OR 
2. Student neither agrees 
or disagrees. 




Regarding the particular themes, many students agreed that knowing how to use 
the formula, or understanding the formulas, was important regardless of whether they 
were doing math in online homework or outside of school. Thirty-five percent of students 
believed this was true while doing online homework, and 20% believed it was true while 
doing mathematics outside of school. Similarly, data for both questions indicate many 
students believe the underlying mathematical idea is more important than memorizing a 
formula (35% for doing mathematics in an online homework context, 42% for doing 
mathematics in an outside-of-school context). One interviewee, Abbi, elaborated on this 
when talking about doing mathematics in online homework: 
Abbi: “I just feel like if you know the formula, like, I, if you know the formulas 
you're, you're gonna get it down, but if you need to, if you want to know more why 
that formula’s like that, you need to go more in depth. My high school math teacher, 
she taught us by giving us the formula and then giving us the answers to our 
homework and expected us to know the formulas … didn't really teach much after 
that. And I'm like ‘why does this work this way?’ I'm not, I'm just, I would like to 
know why things work like they do.” 
 
Interviewer: “mm-hmm. So, would you say the formulas are still important?” 
 
Abbi: “Yes. They are still important but knowing the reasons behind the formulas to 
me are important, is a little more important.” 
 
When asked about doing mathematics outside of school, Abbi again explained that 
having an underlying understanding was important particularly because of her job 
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working at a hotel. She explained that when she is finding the occupancy, she needs to 
understand the mathematics of how to do it so that she does not get “wacky numbers” and 
calculate the occupancy incorrectly. 
These results are encouraging, and indicate that some students see underlying ideas as 
important. However, some students seemed to value the underlying idea because it would 
help them on a future assignment rather than for the sake of understanding itself. For 
example, Student 76 and Student 22’s response to survey item 1a were: 
Student 76: “If I understand the idea then I can do better for written questions” 
Code for quote: 5. Knowing the underlying idea is important because of tests/future 
problems 
 
Student 22: “Just worried about the grade not the knowledge”   
Code for quote: 7. In online homework, the only thing that matters is getting the 
answers and moving on, not the underlying understanding 
 
Evan, another interviewee, elaborated on this as he explained the important of 
understanding the mathematics he does in online homework because “you're gonna see 
those problems pop up again on tests and stuff.” This belief was contrasted to his belief 
about whether or not understanding the underlying idea was important when he does 
mathematics outside of school: 
Evan: “Outside of school, just, it's all about getting the right answer and moving on 
with your life. I think I don't think you really need to know why you got it.” 
Code for quote: 7. Outside of school, getting the answer is what matters 
 
It is important to keep in mind that Evan explained that when he does do mathematics 
outside of school, he mainly does “simple math” (i.e. subtraction). 
5.3.4 Themes in survey items 12a and 12b 
Tables 13 and 14 below show the individual themes, along with the frequency of 
each, that were identified in survey items 12a and 12b. The themes are not mutually 
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exclusive. We coded a total of 79 responses for survey item 12a and a total of 71 
responses for survey item 12b. The criteria for a statement to be coded a certain theme is 
reported in Appendix A. Many of the themes for these two survey items are similar to the 
ones discussed above concerning items 1a and 1b. 
Table 13 
Themes regarding survey item 12a: “The math in online homework is mostly a matter of 





1. Online homework is about knowing how to use/understand the formula 
(both the formulas and understanding is important) 
13 (16%) 
2. Online homework is about understanding what’s going on; it's not just 
about memorizing; the underlying idea is important 
16 (20%) 
3. Online homework does not involve many formulas 3 (4%) 
4. In online homework, memorizing formulas and procedures is what it's 
about, and what gets you the answer 
38 (48%) 
5. Sometimes/It depends on the online homework problem whether or not 
it's all about memorizing formulas/procedures 
8 (10%) 





Themes regarding survey item 12b: “Math that is done outside of a school context is 





1. Math outside of school is about knowing how to use/understand formulas 
(formulas and understanding equally important) 
5 (7%) 
2. No- Math outside of school is mainly about understanding what's going 
on, not just memorizing formulas 
20 (28%) 
3. Math outside of school does not involve many formulas 5 (7%) 
4. Yes- math outside of school is mainly about memorizing formulas and 




5. It depends on the math outside of school whether it is mostly about 
memorizing procedures and formulas  
11 (15%) 
6. I’m unsure 1 (1%) 
7. Math outside of school is more flexible, you can solve problems in 
various ways, 'it's subjective' 
10 (14%) 




Regarding the particular themes in these two survey items, many students expressed 
that math is mostly about memorizing formulas and procedures (48% expressing this in 
an online homework context and 34% in an outside of school context). For example, 
Student 47, who strongly agreed to the statement, said “That is a solid definition of what 
the online homework is like.” Another student, Student 53, when responding to the 
statement in an outside of school context, said, “You will not be able to solve the math 
problems unless you know the procedures or formulas that go [with] it.”  
Some students did, however, express the belief that understanding the underlying idea 
of the math is what is important (20% in an online homework context, and 28% in an 
outside of school context). Other students expressed the belief that the underlying 
understanding and the formulas are equally important, with 16% expressing this in an 
online homework context, and 7% expressing this in an outside of school context. One 
interviewee, Abbi, explained her belief that both understanding the underlying idea and 
knowing the formulas is important, motivated by the fact that she is studying to become a 
teacher: 
Abbi: “[…] if I don't understand it but I know the formulas and everything, what 
happens if I've got a student ask me "why does it work that way?" and I'm like "I 
don't know". I'm gonna have to answer "I don't know it's just like that." So I just feel 
like I won't be an effective teacher.” 
 
Interviewer: “So in online homework you're not mostly memorizing formulas and 




Abbi: “My goal is to understand behind that. Yes, I do need, do need to memorize 
those but I do want to know the reasons why behind.” 
 
Another interviewee, Evan, who on the survey said “no need for formulas just use your 
brain”, explained his belief that formulas are not needed when doing math outside of 
school:  
Interviewer: “[…] so you don't need formulas outside of school, why, why so?” 
 
Evan: “[…] I just don't feel like you need those [formulas, such as y=mx+b] outside 
of school, when, I don't think they'll come in handy in five years, and unless you're at 
a certain field of course, but I just don't find them very useful. I've never run into a 
situation where I've needed something, a certain formula, if that makes sense.” 
 
Evan further explained that he does not use formulas for math outside of school because 
he mostly does simple math, which can be solved by “just thinking through it” and using 
“common sense”. Evan’s original survey response, “no need for formulas just use your 
brain”, was coded 2. No- Math outside of school is mainly about understanding what's 
going on, not just memorizing formulas, but his response in the interview explaining that 
he just does simple math outside of school gives more context to this belief. 
 The data from these two survey items, and particularly in item 12a which refers to 
an online homework context, show that many students do hold the conception that math 
is mainly about memorizing formulas and procedures. This result along with the themes 
identified in the previous two survey items (1a and 1b) reveal that although students 
believe that math is mostly about memorizing formulas and procedures, many students 
believe that knowing the underlying ideas behind the formulas and procedures is 
important, which is an encouraging result.  
 Next, we will discuss students’ beliefs regarding the importance of understanding 
underlying mathematical ideas versus just getting a correct answer. 
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5.4 Underlying mathematical ideas versus just getting the right answer 
 Following the previous discussion of the importance of the underlying 
mathematical idea versus just knowing the formulas, we will now examine students’ 
beliefs about the importance of the underlying idea versus just getting a correct answer. 
The four survey items which give insight into this belief are: 
Survey item 6a: In addition to getting a right answer to an online homework problem, it 
is important to understand why the answer is correct. 
Survey item 6b: When math is done outside of a school context, it is important to 
understand why the answer is correct, in addition to getting the right answer. 
Survey item 10a: It doesn't really matter if you understand an online homework problem, 
as long as you can get the right answer. 
Survey item 10b: When math is done outside of a school context, it doesn't really matter 
if it is understood, as long as the answer is right. 
The numerical data for these two items is reported below, followed by a discussion of the 
themes found within students’ short answer responses. 
5.4.1. Likert scale results for survey items 6a and 6b 
Descriptive statistics for survey items 6a and 6b are shown in Tables 15 and 16 
below, along with Figure 6 showing the spread of students’ responses to the survey 
statements, which asked students to respond to the importance of the underlying 
mathematical idea versus just getting a correct answer. Both in an online homework 
context and an outside of school context, students generally agreed that it is important to 
understand why an answer is correct, with the mean in an online homework context being 
4.44 and the mean in an outside of school context being 4.17. Overall, these numerical 
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results are encouraging, showing that most students agree that it is important to 
understand why an answer to a math problem is correct, rather than just being concerned 
about correct answers. 
Figure 6 
Spread of students’ responses to survey items 6a and 6b. 
 
Table 15 
Descriptive statistics for survey item 6a: “In addition to getting a right answer to an 
online homework problem, it is important to understand why the answer is correct. 
Mean Standard Deviation Variance Count 
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Student responses to: In addition to getting a right answer 
to a math problem, it is important to understand why the 
answer is correct.




Descriptive statistics for survey item 6b: “When math is done outside of a school context, 
it is important to understand why the answer is correct, in addition to getting the right 
answer. 
Mean Standard Deviation Variance Count 
4.17 1.02 1.05 90 
 
5.4.2 Likert scale results for survey items 10a and 10b 
 Descriptive statistics for survey items 10a and 10b are shown in Tables 17 and 18, 
along with Figure 7 which show the spread of students’ Likert-scale responses to whether 
it matters if understanding a math problem is important. The mean score of survey item 
10a was 3.7, and the mean score of survey item 10b was 3.66. This shows that the 
students generally disagreed (either somewhat disagreed or strongly disagreed) to the 
statement both in an online homework context as well as an outside of school context, 
revealing that students believe that it is important to have an understanding of the math 
problem they are doing, rather than solely being worried about getting a correct answer. 
The themes in students’ short answer responses discussed next give more insight into 









Spread of students’ responses to survey items 10a and 10b. 
 
Table 17 
Descriptive statistics for survey item 10a: “It doesn’t really matter if you understand an 
online homework problem, as long as you can get the right answer” 
Mean Standard Deviation Variance Count 
3.70 1.33 1.77 90 
 
Table 18 
Descriptive statistics for survey item 10b: “When math is done outside of a school 
context, it doesn’t really matter if it is understood, as long the answer is right” 
Mean Standard Deviation Variance Count 
3.66 1.22 1.49 90 
 
5.4.3. Themes in survey items 6a and 6b 
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Student responses to: It doesn’t really matter if you 
understand a math problem, as long as you can get the 
right answer. 
Online homework context Outside of school context
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answer responses to survey items 6a and 6b, along with the frequency of each theme. The 
themes are not mutually exclusive. A total of 83 responses were coded for survey item 6a 
and a total of 75 responses for survey item 6b. The criteria for a response to be coded a 
certain theme are reported in Appendix B. 
Table 19 
Themes regarding survey item 6a: “In addition to getting a right answer to an online 





1a. Yes, understanding why an answer is correct is important for the sake 
of future problems or assignments or tests. 
32 (39%) 
1b. Yes understanding why an answer is correct is important for the future 
(in a general future sense) 
4 (5%) 
1c. Yes understanding why an answer is correct is important for the sake of 
a future career or job 
1 (1%) 
2. Yes understanding why an answer is correct is important just for the sake 
of understanding, the underlying idea is important  
37 (45%) 
3. Sometimes the online homework problem is hard, so sometimes I don't 
understand it  
2 (2%) 
4. Understanding in online homework is not necessarily important, I just 
want to get an answer and move on  
10 (12%) 
5. It depends on the person or the problem 2 (2%) 
  6. If you understand, you can be confident your answer is correct or you 




Themes regarding survey item 6b: “When math is done outside of a school context, it is 






1a. Understanding why an answer is correct outside of school is important 




1b. Yes understanding why an answer is correct is important outside of 
school because of the future 
6 (8%) 
1c. Yes understanding why an answer is correct outside of school is 
important for the sake of a future career or job 
2 (3%) 
2. Understanding why the answer is correct outside of school is important 
just for the sake of understanding, knowing the underlying ideas is 
important 
24 (32%) 
3. Understanding why an answer is correct outside of school is not 
important, you just need the answer and don’t need to explain it  
12 (16%) 
4. Understanding why an answer is correct outside of school is important 
because there could be serious consequences if you don’t and/or knowing 
that something will work the way you think it does is important 
14 (19%) 
5. It depends on the question whether it’s important to understand why the 
answer is correct 
5 (7%) 
6. I’m not sure 2 (3%) 
7. I don’t use math outside of school 1 (1%) 




 Regarding the individual themes for these two survey items, many students 
expressed agreement that understanding why an answer is correct is important, but for 
different reasons. In an online homework context, 39% of students expressed the belief 
that understanding why an answer is correct is important for the sake of being able to do 
future problems, assignments, or tests, while 45% of students explained the importance of 
understanding why an answer was correct just for understanding’s sake. For example, 
Student 5 and Student 34’s responses were: 
Student 5: “If you don't understand how you got the correct answer, it won't help you 
during future tests or in future problems.”  
Code for quote: 1a. Yes, understanding why an answer is correct is important for the 
sake of future problems or assignments or tests. 
 
Student 34: “It is always important that you understand why the answer is the answer 
because if your just putting answers in without understanding why, then you aren't 
really learning anything” 
Code for quote: 2. Yes understanding why an answer is correct is important just for 




One interviewee, Abbi, elaborated on this as she explained the importance of knowing 
why the answer to online homework questions are correct so that she will be able to do 
similar problems on the test: “I've learned that if I don't understand, […] I'm not going to 
be able to function and do that problem on that test.” She further explained that she had 
recently took a math test, and did not know how to do one of the problems, saying, “I 
didn't understand the problem so I completely blanked and left those two problems blank 
on my math test.” In her response to the survey, Abbi also explained the importance of 
having an understanding of why an answer is correct because of her future career as a 
teacher, and wanting to be able to teach the math to her students. 
In an outside of school context, similar reasons were expressed by students for why it 
is important to understand why an answer is correct. Seventeen percent of students 
explained that it was important because of future problems they may have to solve, and 
32% of students explained that it was important simply for the sake of understanding. 
Additional reasons students gave for the importance of understanding why an answer is 
correct include them explaining that there could be serious consequences if you do not. 
Nineteen percent of students’ responses included this reasoning. For example, Student 71 
said, “you need to know what you’re doing in the real world when your actions have 
consequences.”  
 In addition to these encouraging themes which were identified in these two survey 
items, there were also some students who expressed the belief that understanding why an 
answer to a math problem is not important, and that they are mainly concerned with just 
getting the answer and moving on. Twelve percent of students expressed this within an 
online homework context, and 16% of students expressed this within an outside of school 
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context. When responding to an online homework context, Student 50 expressed this 
belief, saying, “If I can get the right answer in a way I normally just leave it at that.”  
 The next two survey items which contained similar themes within students’ 
responses are reported next. 
5.4.4 Themes in survey items 10a and 10b 
Tables 21 and 22 below show the themes which were identified within students’ short 
answer responses to survey items 10a and 10b, along with the frequency of each theme. 
The themes are not mutually exclusive. A total of 79 responses were coded for survey 
item 10a and a total of 69 responses for survey item 10b. The criteria for a response to be 
coded a certain theme are reported in Appendix C. 
Table 21 
Themes regarding survey item 10a: “It doesn’t really matter if you understand an online 





1a. understanding how you got the right answer to an online homework 
problem is important for the sake of future problems or assignments or tests  
35 (44%) 
1b. Understanding how you got the right answer to an online homework 
problem is important for the sake of the future (in a general sense) 
3 (4%) 
2. In online homework, all you need is the right answer, not understanding, 
for the sake of a good grade 
17 (22%) 
3. Understanding how you got that right answer to an online homework 










Themes regarding survey item 10b: “When math is done outside of a school context, it 





1a. Outside of school, understanding how you got the right answer is 
important for the sake of future problems, or tasks that are similar 
13 (19%) 
1b. Yes understanding is important outside of school for the sake of a 
future career or job 
2 (3%) 
2. What matters outside of school is just getting the right answer and 
moving on, not worrying about understanding 
14 (20%) 
2a. Understanding isn’t as important because problems outside of school 
have more leeway with how to solve things 
1 (1%) 
3a. Outside of school, understanding how you got the right answer; the 
underlying idea is important outside of school 
23 (33%) 
3b. Understanding how you got the right answer is important outside of 
school to avoid potential consequences 
2 (3%) 
3c. Understanding how you got the right answer is important outside of 
school so that you know your answer is correct 
3 (4%) 
3d. Understanding is important outside of school because you need to be 
able to justify your answer 
4 (6%) 
3e. Understanding is important outside of school so that you can be able to 
leave a trail for others 
4 (6%) 
4. It depends (if understanding the problem is important) 10 (14%) 
5. I’m not sure 2 (3%) 
 
Similar to the themes identified in the last two survey items, the themes for survey 
statements 10a and 10b reveal that many students believe that understanding how you got 
a right answer to a math problem is important for reasons such as being able to do future 
problems that are similar, and also for the sake of understanding the underlying idea. In 
an online homework context, 44% explained the importance of the underlying idea for 
the sake of being able to do future problems on assignments and tests, and 38% explained 
the importance of the underlying understanding just for understanding’s sake. In an 
outside of school context, 19% expressed the belief that understanding the math problems 
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are important in order to be able to do future problems, and 33% expressed that just 
simply understanding the problem is what is important. Responding to an online 
homework context, Student 63 and Student 73 said the following: 
Student 63: “It is important to understand because it could be on a test.” 
Code for quote: 1a. understanding how you got the right answer to an online 
homework problem is important for the sake of future problems or assignments or 
tests  
 
Student 73: “If you do not understand then you are not learning.” 
Code for quote: 3. Understanding how you got that right answer to an online 
homework problem; the underlying idea is important 
 
 One interviewee, Abbi, expressed her belief that understanding how you got a 
right answer outside of school is important for the sake of being able to do future 
problems, or tasks that are similar. This belief is seen to have been constructed from her 
experiences at her job working at a hotel. She explained that it is important for her to 
understand how to correctly calculate the occupancy because if she calculates it one day, 
she may need to be able to calculate it again the next day: 
Abbi: “[…] I know from day to day it varies so if I did one this way one day and then 
the next day I had to do it, I know it's important to know how to do that from time to 
time.” 
 
In addition to the two themes mentioned above, responses to survey item 10b, which 
focused on an outside of school context, revealed more varied themes than the responses 
concerning an online homework context. For example, two students’ responses expressed 
the belief that understanding a math problem outside of school was important so that the 
answer can be justified, and also so that others will be able to also understand it. One 
such response is as follows: 




Codes for quote: 3d. Understanding is important outside of school because you need 
to be able to justify your answer, and 3e. Understanding is important outside of 
school so that you can be able to leave a trail for others 
 
Like with the previous two survey statements which were discussed (items 6a and 
6b), there was also some students that expressed the belief that just getting the right 
answer is what is important, not understanding the problem. Twenty-two percent of 
students expressed this belief in an online homework context, and 20% expressed this in 
an outside of school context. Student 77 expressed this belief by saying, “you get a good 
grade for clicking the right answer, not if you understand why it is right.”  
We will now examine the survey statements which revealed students’ beliefs related 
to being able to solve math problems in multiple ways. 
5.5 Solving math problems in multiple ways 
 Another commonly-held student belief is that there is one correct way to solve 
math problems. Schoenfeld (1992) described that often this one correct way is usually the 
rule that the teacher has most recently shown in class. This kind of belief is not aligned 
with a productive mathematical disposition in that it does not encourage students to be 
problem solvers, but instead leads them to be focused on memorizing procedures and 
looking for one exact way to solve problems. One goal of MATH 1483 is to promote 
ideas over formulas by working exclusively on real-world problems. To investigate what 
1483 students believed about being able to solve math problems in multiple ways, I asked 
students to respond to the following four survey items: 
 Survey item 2a: There are often several different ways to solve an online homework 
problem. 
Survey item 2b: There are often several different ways to solve math problems that are 
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done outside of a school context. 
Survey item 8a: To solve math problems in online homework, you have to know the exact 
procedure for each problem. 
Survey item 8b: To solve math problems outside of a school context, you have to know 
the exact procedure for each problem. 
The next sections describe the numerical results from students’ Likert-responses to these 
four items, as well as the themes found in their short answer responses. 
5.5.1 Likert scale results for survey items 2a and 2b 
Descriptive statistics for survey items 2a and 2b are shown in Tables 23 and 24, 
along with Figure 8 which shows the spread of students’ responses to whether or not 
there are different ways to solve math problems. Both in an online homework context and 
an outside of school context, students generally agreed that there are often several 
different ways to solve a math problem (µ=3.97 and µ=4.31, respectively).  
Figure 8 
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Student Responses to: There are often several different 
ways to solve a math problem




Descriptive statistics for survey item 2a: “There are often several different ways to solve 
an online homework problem” 
Mean Standard Deviation Variance Count 
3.97 1.02 1.03 90 
 
Table 24 
Descriptive statistics for survey item 2b: “There are often several different ways to solve 
math problems that are done outside of a school context” 
Mean Standard Deviation Variance Count 
4.31 0.83 0.68 90 
 
5.5.2 Likert scale results for survey items 8a and 8b 
Descriptive statistics for survey items 8a and 8b are shown in Tables 25 and 26, along 
with Figure 9 which shows the spread of students’ responses to whether or not the exact 
procedures need to be known to solve math problems. The mean for item 8a was 2.5 and 
the mean for item 8b was 3.02. These means indicate that, in general, students neither 
agreed nor disagreed to whether or not an exact procedure must be known in order to 
solve a math problem. The graph below, however, tells a different, more interesting story. 
The graph indicates that students fell into two camps: those that generally believe you 
need to know the exact procedures and those that generally believe you do not need to 
know the exact procedures. Students’ short answer responses to these statements are 






Spread of students’ responses to survey items 8a and 8b. 
 
Table 25 
Descriptive statistics for survey item 8a: “To solve math problems in online homework, 
you have to know the exact procedure for each problem” 
Mean Standard Deviation Variance Count 
2.50 1.26 1.58 90 
 
Table 26 
Descriptive statistics for survey item 8b: “To solve math problems outside of a school 
context, you have to know the exact procedure for each problem” 
Mean Standard Deviation Variance Count 
3.02 1.26 1.58 90 
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Student responses to: To solve math problems, you have to 
know the exact procedure for each problem. 
Online homework context Outside of school context
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The themes which were found in students’ short answers responses to survey 
statements 2a and 2b, along with the frequency of each, are reported in Tables 27 and 28. 
The themes are not mutually exclusive. A total of 88 responses were coded from survey 
item 2a and 82 responses from survey item 2b. The criterion for each theme is reported in 
Appendix D. 
Table 27 
Themes regarding survey item 2a: “There are often several different ways to solve an 





1. There might be multiple ways to solve an online homework problem, but 
most the time there are not (or I choose one way)  
6 (7%) 
2. There is more than one way to solve problems in online homework  51 (58%) 
3. There is one distinct answer in online homework 11 (13%) 
4. Sometimes/It depends on the online homework problem whether or not 
there are multiple ways to solve it 
25 (28%) 
5. There is one way to solve online homework problems, I stick to the 
formulas or one way of solving them  
6 (7%) 





Themes regarding survey item 2b: “There are often several different ways to solve math 





1. There are multiple ways to solve problems outside of school 62 (76%) 
2. Sometimes/it depends on the problem if there are multiple ways to solve 
it  
14 (17%) 
3. Math problems are easier outside of school  7 (9%) 
4. I’m not sure 3 (4%) 
5. The answers outside of school don’t have to be specific 1 (1%) 
6. In school there is one way to solve problems 3 (4%) 
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Regarding the particular themes to these two survey items, the majority of students 
agreed that there are multiple ways to solve math problems, both in an online homework 
and outside of school context. Fifty-eight percent of students agreed to this in an online 
homework context, and 76% in an outside of school context. Student 26 and Student 61 
expressed this belief, saying: 
 
Student 26: “In my own experience, I may not understand how to get the answer one 
way [in online homework]. However, taking an alternative approach often does.” 
Code for quote: 2. There is more than one way to solve problems in online 
homework 
 
Student 61: “People can do real world problems many different ways and they all can 
get done” 
Code for quote: 1. There are multiple ways to solve problems outside of school 
 
When asked about the reason she believed that online homework problems could be 
solved in multiple ways, one interviewee, Abbi, explained that her husband had shown 
her other ways to solve problems that made more sense than what she was taught in class: 
“he taught me completely opposite of what she [her instructor] did and it still clicked 
either way.”  
Other students expressed that being able to solve math problems in multiple ways 
depended on the problem (28% in an online homework context and 17% in an outside of 
school context). For example, when responding to an outside of school context, Student 
11 said, “For many problems there are other ways to work through them, but there are 
still some that require formulas”, and Student 12 said, “Each problem is different.” 
 On the other hand, a small percentage of students explained that there is only one 
way to do online homework problems. Seven percent expressed this belief when 
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responding to doing math in online homework, and interestingly, 4% expressed this belief 
even when responding to the statement in an outside of school context. The reason for 
this can be seen in Student 48’s response, who compared the contexts: 
Student 48: “Outside of school there are more then [sic] one way. In school we know 
of one way, the way we learn in class”  
Codes for quote: 1. There’s multiple ways to solve problems outside of school, and 
6. In school there is one way to solve problems 
 
In the interview, Evan further expressed his belief that there is only one way to solve 
online homework problems. Evan explained that when solving online homework 
problems, there is a set formula that he needs to follow, and “very specific ways you need 
to solve the problems”. Interestingly, the reason that he gave for having to solve the 
problem in a certain way was because the online homework program only accepts a 
specific answer: “Because it’s like, it only takes a certain type of answer and even though 
there could be multiple answers to the problem, the online homework only takes one 
answer so you kinda gotta go that certain route.” It is also important to note that within 
the short answer responses to survey item 2a, which asked about being able to solve 
online homework problems in more than one way, 13% of students noted there is one 
specific answer to the problems. Not all of these responses, however, used this as a 
reason to explain why online homework problems should be solved in one certain way, as 
Evan had. For example, Student 34 explained that even though online homework 
problems have a distinct answer, there could still be multiple ways to solve the problems: 
“While math has a distinct answer for most problems, there is never one way to solve a 
problem, just like in real life.” This response was coded 2. There is more than one way to 




 Responses such as Evan’s demonstrate how, for some students, online homework 
programs requiring one specific answer lead students to believe that the problems should 
be solved one certain way.  
5.5.4 Themes in survey items 8a and 8b 
The themes which were found in students’ short answers responses to survey 
statements 8a and 8b, along with the frequency of each, are reported in Tables 29 and 30 
below. The themes are not mutually exclusive. A total of 80 responses were coded from 
survey item 8a and 77 responses from survey item 8b. The criterion for each theme is 
reported in Appendix E. 
Table 29 
Themes regarding survey item 8a: “To solve math problems in online homework, you 





1. In online homework you don’t need to know the exact procedure, there 
are multiple ways to solve problems  
31 (39%) 
2. In online homework you should know the exact way to do the problem, 
that’s how you get it right, it makes it easier 
33 (41%) 
3. You don’t need the exact procedure in online homework, you can just 
guess 
3 (4%) 
4. You don’t always need exact procedures in online homework, you can 
figure it out having a basic understanding 
7 (9%) 
5. It depends on the online homework problem if you need an exact 
procedure  
11 (14%) 









Themes regarding survey item 8b: “To solve math problems outside of a school context, 





1. Outside of school, one procedure is not always needed, there are different 
ways to solve math problems outside of school  
43 (56%) 
2. I don’t have an opinion, or am unsure 2 (3%) 
3. To solve math problems outside of school, you can guess or make it up as 
you go  
5 (6%) 
4. When doing math outside of school, you need to know the correct 
procedures to get it right, it makes it easier 
16 (21%) 
5. It depends on the problem outside of school whether you need an exact 
procedure 
9 (12%) 
6. just getting the right answer is what is important outside of school, they 
don’t need explanation 
2 (3%) 
7. For math problems outside of school, you can figure it out having a basic 
understanding 
10 (13%) 
8. Math problems outside of school have one right answer 1 (1%) 
9. math problems outside of school may be more complex than those that 
can be solved with a simple formula 
1 (1%) 
 
Regarding the particular themes for these two survey items, many students expressed 
the belief that math problems can be solved in more than one way, similar to the themes 
discussed in the previous two survey items. Thirty-nine percent of students explained that 
online homework problems can be solved in multiple ways, and that an exact procedure 
is not needed. Fifty-six percent explained this same belief in an outside of school context. 
For example, Student 27 explained, “I sometimes figure it out a completely different 
way.” 
 Evan, when interviewed and asked about doing math outside of school, explained 
his belief that exact procedures are not needed, and that there are multiple ways one can 
solve problems:  
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 Interviewer: “So, outside of school is there need to follow exact procedures?” 
 
 Evan: “No. You can do it however you want as long as you get the right answer.” 
 
Evan went on to explain that these other ways of solving problems involve multiplication, 
division, and “just a lot of mental math.” It is important to note that Evan explained he 
mostly just does simple, everyday math outside of school. This belief is similar to 13% of 
students’ responses to survey item 8b, which were coded 7. For math problems outside of 
school, you can figure it out having a basic understanding.  
 While students expressed that there are multiple ways to solve online homework 
problems, many also explained that one should know the exact procedure and that 
knowing it makes solving the problem easier. For example, Student 32 said, “I think so 
because we learn exact formulas and procedures... it at least definitely makes it easier.”  
 One interviewee, Abbi, responded on the online survey by saying “at the 
beginning of this semester I understood how to get things and didn’t know the correct 
procedures, but a rule of thumb is to know the correct way to solve problems.” This was a 
seemingly contradictory response, whereas she had previously explained that online 
homework problems could be solved in multiple ways. When asked if she believed that 
most of the time there were correct ways to solve problems, Abbi explained: “there isn’t 
most of the time as long as you know the formula and you know the procedures behind it 
and stuff.” This response helped to clear up the seemingly contradictory responses she 
was giving, and further shows Abbi’s belief that even though she feels that one should 
know how the formulas and procedures work, this does not mean that she has to solve the 
problem in one certain way. 
 Also, similar to the themes discussed in the last pair of survey items, 15% of 
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students explained that online homework problems need a specific answer. As Evan’s 
interview response earlier revealed, some students agree that there are certain ways 
online homework problems should be solved because of the fact that they require one 
specific answer. Student 77’s response is an example of this. Student 77 strongly agreed 
to survey item 8a, that online homework problems need exact procedures in order to be 
solved, and explained, “the computer wants a specific answer.” This result provides 
insight into the ways in which online homework platforms could be improved so that they 
better support students in having a productive mathematical disposition.  
 Next, students’ beliefs about how many answers math problems have will be 
discussed. 
5.6 The number of answers to math problems 
 Another common belief that students hold is that there is one and only one correct 
answer to math problems. As seen above, this belief has the potential to also encourage 
students in believing that math problems must be solved using exact formulas and 
procedures. When students believe that their job is to look for the “one correct answer”, 
they might focus on memorizing formulas rather than focusing on problem solving, the 
latter of which is an instructional goal of MATH 1483. To investigate what MATH 1483 
students believed about math problems having one right answer, I asked them to respond 
to the following two survey items: 
Survey item 11a: Online homework problems have one and only one right answer. 
Survey item 11b:  Math problems that are done outside of a school context have one and 
only one right answer. 
The numerical results to these two survey items, as well as the themes in students’ short 
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answer responses will be discussed next.  
5.6.1 Likert scale results for survey items 11a and 11b 
Descriptive statistics for survey items 11a and 11b are shown below in Tables 31 
and 32, along with Figure 10 showing the spread of students’ responses to these items. 
The mean for survey item 11a was 1.83, signifying that students generally agreed that 
online homework problems have one and only one right answer. Seventy-six percent of 
students either somewhat agreed or strongly agreed to this statement. On the other hand, 
survey item 11b had a mean of 2.99, signifying that students generally did not agree not 
disagree with the statement. As was discussed earlier when presenting the quantitative 
results, this belief statements had the greatest mean difference across the two contexts of 
online homework and outside of school. The following section will discuss students short 
answer responses to these statements, which give further insight into these numerical 
results. 
Figure 10 
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Student responses to: Math problems have one and only 
one right answer. 




Descriptive statistics to survey item 11a: “Online homework problems have one and only 
one right answer.” 
Mean Standard Deviation Variance Count 
1.83 1.05 1.09 90 
 
Table 32 
Descriptive statistics to survey item 11b: “Math problems that are done outside of school 
have one and only one right answer.” 
Mean Standard Deviation Variance Count 
2.99 1.17 1.37 90 
 
5.6.2 Themes in survey items 11a and 11b 
The themes which were found in students’ short answers responses to survey 
statements 11a and 11b, along with the frequency of each, are reported in Tables 33 and 
34 below. The themes are not mutually exclusive. A total of 79 responses were coded 
from survey item 11a and 73 responses from survey item 11b. The criterion for each 
theme is reported Appendix F. 
Table 33 






1. Online homework problems have one exact right answer (the program is 
picky about entering answers). 
55 (70%) 
2. Online homework problems could have multiple answers (including 13 (16%) 
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things like rounding differently or reordering an expression). 
3. It depends on the problem if it has exactly one answer. 12 (15%) 
4. I’m not sure whether online homework problems have online one right 
answer 
3 (4%) 
5. You can solve online homework problems in multiple ways. 3 (4%) 
 
Table 34 
Themes regarding survey item 11b: “Math problems that are done outside of school have 





1. Math problems outside of school have exactly one right answer. 16 (22%) 
2. It depends on the problem/context whether there is only one answer. 27 (37%) 
3. Math problems outside of school can have multiple answers; outside of 
school the math is more flexible. 
25 (34%) 
4. Math problems outside of school can be solved multiple ways. 9 (12%) 




Like what is indicated from the Likert results for these survey items, most students 
agreed that online homework problems have only one answer (70%). This is contrasted to 
the 22% of responses which expressed that math problems outside of school have only 
one answer. When responding to whether online homework problems have one right 
answer, many students expressed agreement, describing how the online homework 
program was picky about answers being inputted. For example, Student 83 and Student 
25 responded: 
Student 83: “Online problems have to be in the correct format and answer or it is 
counted wrong.” 
Code for quote: 1. Online homework problems have one exact right answer (the 
program is picky about entering answers). 
 




Code for quote: 1. Online homework problems have one exact right answer (the 
program is picky about entering answers). 
 
 In contrast, when responding to whether math problems outside of school have 
only one right answer, students’ beliefs were more aligned with disagreement, and 
expressed that there could be more than one right answer. For example, Student 34 used 
the example of fashion design to give context to this belief:  
Student 34: “In fashion design, we may all have the same project and math, but 
others have to change that math so the garment fits them since all our proportions 
are different so sometimes one result or answer is not the same as the other.” 
Code for quote: 3. Math problems outside of school can have multiple answers; 
outside of school the math is more flexible. 
 
Still, 37% of students expressed that it depended whether math problems outside of 
school have one right answer: “It depends on the context of the problem.” (Student 26). 
All three interviewees expressed that WebAssign was very picky about answers, 
and that online homework problems have only one right answer. For example, Evan 
explained this belief when he said, “online homework is so programed and you have to 
submit it a certain way, certain right answer.” Another interviewee, Abbi, explained the 
pickiness of the online homework platform, and how her answer could be wrong simply 
because she did not capitalize a letter: 
“It is very picky. So I knew last, last week, I was doing the homework problem 
I’m like, alright, I know this formula is correct, what am I doing wrong? It was 
the difference of a capital letter... it was supposed to be, supposed to be 
lowercase, and I was putting capital, and it’s that picky.” 
 
Abbi’s belief that online homework problems have only one correct answer is 
seen to have been constructed from her experience of the ‘pickiness’ of the online 
homework platform. In contrast, when asked about whether or not there could be multiple 
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answers to math problems outside of school, Abbi agreed, and gave an example from her 
experience working at a hotel, and giving back change to her customers in multiple ways:  
“If I’ve got somebody giving me a dollar bill and they’re needing change, I can 
give them four quarters or ten dimes or, I think it’s 20 nickels, or 100 pennies. 
And just, you’ve got multiple right answers of ways of giving them change from a 
dollar bill”. 
 
When interviewed, Taylor and Evan also both expressed their belief that math problems 
outside of school can have multiple right answers, because human interpretation is 
involved:  
Evan: “yeah like outside of school there could be definitely different answers 
because […] you’re bringing like humans into play, so humans interpret things a 
lot differently than you know a computer can.” 
 
Taylor: “I think there’s definitely just a set selection of answers they’ll accept [in 
online homework], and there’s no human forgiveness. […] in general I think 
there’s a lot more forgiveness with your answer outside of online homework. […] 
because it’s just a person looking at it.” 
 
Students’ beliefs about whether math problems have only one right answer are contrasted 
between the two contexts of online homework and math that is done outside of school. As 
was seen in the Likert results of these survey items, these two belief statements had the 
greatest difference of mean scores across the two contexts. This difference in belief 
across contexts is highlighted by the selected students’ responses above. 
Next, we will look at students’ beliefs about how quickly math problems should 
be done. 
5.7 The amount of time it should take to solve a math problem 
 Another common belief that students hold about mathematics is that these 
problems should be done quickly. Schoenfeld (1992) described this belief as being 
prominent among students, and explained that it can have negative consequences: 
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“Students with the belief will five up on a problem after a few minutes of unsuccessful 
attempts, even though they might have solved it had they persevered” (p. 359). To 
investigate what MATH 1483 students believed about doing mathematics problems 
quickly, I asked them to respond to the following two survey items: 
Survey item 9a: Students who understand the math they have studies will be able to solve 
any assigned online homework problem in five minutes or less. 
Survey item 9b: Math problems that are done outside of a school context can be solved in 
five minutes or less. 
The numerical results to these two survey items, as well as themes from students’ short 
answer responses are reported next.  
5.7.1 Likert scale results for survey items 9a and 9b 
Descriptive statistics to survey items 9a and 9b are shown below in Tables 35 and 36, 
as well as Figure 11 showing the spread of students’ Likert responses to whether or not 
students should be able to solve math problems in five minutes or less. The means and 
distribution of the two items show that students generally neither agree nor disagree that 
math problems should be solved in five minutes or less, both in an online homework and 
an outside of school context (µ=2.8 and µ=3.18, respectively). Students’ short answer 













Descriptive statistics to survey item 9a: “Students who understand the math they have 
studied will be able to solve any assigned online homework problem in five minutes or 
less” 
Mean Standard Deviation Variance Count 
2.80 1.32 1.74 90 
 
Table 36 
Descriptive statistics to survey item 9b: “Math problems that are done outside of a 
school context can be solved in five minutes or less” 
Mean Standard Deviation Variance Count 
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Student responses to: Students who understand the math 
they have studied will be able to solve any assigned 
problem in five minutes or less. 
Online homework context Outside of school context
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5.7.2 Themes in survey items 9a and 9b 
Tables 37 and 38 below display the themes which were identified from survey items 
9a and 9b, as well as the frequency of each. The themes are not mutually exclusive. A 
total of 81 responses were coded from item 9a, and 76 responses from item 9b. The 
criteria for a response to be coded a certain theme is outlined in Appendix G. 
Table 37 
Codes for survey item 9a: “Students who understand the math they have studied will be 





1. Finishing an online homework problem in 5 minutes or less depends on 
the person  
18 (22%) 
2. Online homework problems should be done in 5 minutes or less, these 
problems are easy if you understand the math  
26 (32%) 
3. Even if you understand, that doesn’t mean you have to do the online 
homework problem in 5 minutes or less (understanding doesn’t mean doing 
quickly) 
10 (12%) 
4. It depends on the problem, there are some online homework problems 
that could take longer than 5 minutes, some problems are harder 
32 (40%) 
5. It takes me longer to solve online homework problems because I like to 





Codes for survey item 9b: “Math problems that are done outside of a school context can 





1. Solving a math problem outside of school in 5 minutes or less depends 
on the person 
17 (22%) 
2. It depends on the problem, there are some problems that take longer than 
5 minutes (like if the problem is complex, or if it’s in a new context) 
50 (66%) 
3. Problems outside of school could be done in 5 minutes or less, they are 12 (16%) 
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easy if you understand the math, it’s just simple math 
4. Even if you understand, that doesn’t mean you have to do problems 
outside of school in 5 minutes or less (understanding doesn’t mean doing 
quickly) 
1 (1%) 
5. I don’t know 2 (3%) 




The majority of students’ responses to these survey items expressed the belief that 
finishing a math problem in five minutes or less, both in an online homework context as 
well as an outside of school context, depends either on the person doing the problem, or 
the problem itself. In an online homework context, 22% of students said it depended on 
the person, while 40% said it depended on the problem. For example, Student 34 
explained: 
Student 34: “Everyone works at their own pace. They may be able to solve the 
same problem as others but you should never expect everyone to solve the same 
problem at the same time and as quick as others.” 
Code for quote: 1. Finishing an online homework problem in 5 minutes or less 
depends on the person 
 
Explaining that some online homework problems are harder than others, Student 43 said, 
“Sometimes problems are more difficult to solve than others and will take more time.” 
 Similarly, when responding to whether math problems done in an outside of 
school context should be able to be solved in five minutes or less, 22% of students said it 
depended on the person solving it, and 66% said that it depended on the problem. For 
example, Student 63 said, “It takes people different lengths of time based on who they are 
and how they function”, and Student 31 said, “Depending on the situation of the problem 
the time it takes to solve could vary.”  
This type of belief was verbalized by one interviewee, Taylor, as she explained 
that doing mathematics problems outside of school in under five minutes depended on the 
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situation, and also upon what might be expected of someone at their job. She gave an 
example pertaining to her academic major, interior design: 
Taylor: “I think it definitely depends on what you’re doing, how quickly they’re 
expecting a response from you. Because like, if you’re working on the floor plan 
and they’re asking like, “okay we need to know how much, what’s the distance 
between each of these lights? And how many like can we put in?” It’s gonna take 
you a little while to calculate that and make sure you’re in compliance with 
everything.” 
 
When asked about doing mathematics in five minutes or less in online homework, Taylor 
verbalized a different belief, explaining that “once I go over the problem multiple times, 
learning how to do it, it becomes just, in no time I can solve it”. She then added that it 
depends on the problem she is doing, but “in general” finishing the problems in five 
minutes or less is doable. This belief is aligned with 32% of students’ responses on 
survey item 9a which were coded 2. Online homework problems should be done in 5 
minutes or less, these problems are easy if you understand the math. 
 Perhaps the belief that being able to doing mathematics problems in 5 minutes or 
less depends on the person solving the problem or on the problem itself is more 
encouraging than the commonly held belief reported in the literature – that all math 
problems should be done in five minutes or less. Even more encouraging are the 
responses from 12% of students who expressed the belief that understanding an online 
homework problem does not equate to being able to do it quickly. One such response is 
from Student 3, who said, “Understanding how to do something does not mean you can 
solve it within a certain period of time.” This belief was also expressed by another 
interviewee, Abbi. After first explaining that doing a math problem in five minutes or less 
depended on the problem, Abbi further explained that she likes to “break things down 
individually”, and that even though she understands the mathematics, it will take her 
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more than five minutes to solve the problem. Responses such as Abbi’s and Taylor’s give 
further insight and context to their beliefs. Taylor’s belief can be seen to be constructed 
from her experience and what she knows about doing math outside of school related to 
interior design. Abbi’s belief is seen to follow from her experiences doing online 
homework, and “breaking things down individually”. 
5.8 Connections between students’ beliefs and having unlimited tries in online 
homework 
As reported in the Methods section, as well as responding to belief statements in an 
online homework and outside of school context, students also were asked to respond to 
statements having to do with having unlimited tries in online homework to explore 
whether this influenced their beliefs about the nature of mathematics and their ability to 
do mathematics. Data from students’ short answer responses to the statement Having 
unlimited tries in online homework helps me learn did reveal some connections to 
students’ beliefs about the nature of mathematics their ability to do mathematics in an 
online homework context. The spread of students’ responses to the Likert-scale are 
reported in Table 39. 
Table 39 
Spread of students’ responses to “Having unlimited tries in online homework helps me 
learn” 










Having unlimited tries in 















Close to half of students’ short-answer responses (49%) to this statement explained 
that having unlimited tries in online homework makes them more willing to work on 
problems, and also to try different methods to solve the problems. For example, consider 
three students’ responses below: 
Student 37: “I can try different ways to solve them and see what works and what 
comes easiest to me” 
 
Student 63: “I can learn from my mistakes and try new methods.” 
 
Student 14: “I can backtrack and try different things” 
 
These results indicate that having unlimited tries may help to encourage students in 
believing that math problems can be solved in multiple ways, and further encourage the 
conception that problem solving is an important part of doing mathematics. In contrast, 
the short-answer responses from the two students who disagreed to this survey statement 
are as follows: 
 Student 41: “If it's a problem I'm not understanding, unlimited tries doesn't 
 really fix that” 
 Student 53: “Having unlimited tries can make it difficult to know if you really 
 go[t] the right answer” 
The responses from these two students revealed their belief that having unlimited tries 








6.1 Summary of results and answers to research questions 
 This study sought to answer the following research questions: What do MATH 
1483 students believe about the nature of mathematics in the context of online 
homework? and what do MATH 1483 students believe about the nature of mathematics in 
an outside of school context? Overall, data from the online survey, as well as interviews 
with students, revealed encouraging results as students expressed many beliefs which 
were aligned with a productive mathematical disposition.  
 Concerning an online homework context, many MATH 1483 students expressed 
the belief that understanding the underlying mathematical ideas is more important than 
just getting right answers. Some students expressed this belief explaining that the 
underlying idea is important simply for understanding’s sake, and others explained that it 
is important so that they would be able to solve future problems on assignments or tests. 
This highlights that many MATH 1483 students are motivated by a performance goal 
orientation, focusing on the outcome of a good grade, rather than a mastery goal 
orientation, which focuses on learning and understanding (Pintrich & Zusho, 2007). 
 Similarly, many students expressed the importance of the underlying 
mathematical ideas in an outside of school context. Many of these students explained that 
simply having the underlying understanding of the math was important, while some 
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students explained the importance of understanding to be able to solve problems they 
might encounter in the future, or in order to avoid potential consequences in the real 
world.  
 Another productive belief which was identified in the data in both contexts was 
the importance of understanding the ideas behind mathematical formulas and procedures. 
Though many students expressed the belief that doing mathematics was mainly about 
memorizing formulas and procedures (items 12a and 12b), many students expressed the 
importance of knowing how to use and apply those formulas and procedures, or that 
having an underlying understanding, rather than just memorizing formulas and 
procedures, was important. 
Another encouraging result identified in the data concerning students’ 
mathematical beliefs, both in an online homework and outside of school context, was that 
many students believed there are multiple ways to solve math problems. Although a 
higher percentage of students believed this was true when doing math outside of school, 
there was still 39% of responses on survey item 8a and 58% of responses on survey item 
2a which explained how there are multiple ways to solve online homework problems. 
Furthermore, the survey data also showed that many students explained that having 
unlimited tries in online homework makes them more willing to work on problems and 
try different methods to solve the problems, signifying that this supports at least some 
students in constructing productive mathematical beliefs, and countering beliefs such as 
“math problems must be solved one certain way”. The data from this study also reveals 
another encouraging result, that many MATH 1483 students do not necessarily believe 
that math problems in either context should be solved in five minutes or less, as most 
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students’ responses expressed that it depends either on the problem being solved or the 
person solving the problem.  
 Along with much of the data revealing student beliefs which align with a 
productive mathematical disposition, there were many students who held the belief that 
online homework problems have one and only one right answer, which was attributed by 
many to the strictness of WebAssign in accepting only specific answers. Some students 
also used this as a reason to explain why math problems must be solved one certain way. 
This was contrasted to students expressing a different belief outside of a school context, 
that math problems could have multiple right answers.  
 The decision to ask students to explain why they responded as they did on the 
Likert portion of the survey was due to some of the weaknesses which have been 
identified with instruments only utilizing Likert-responses, including difficulty in 
knowing how respondents are interpreting items, as well as items not being 
contextualized (Ambrose et al., 2003). Asking students to include these short answer 
responses proved to be important, as students’ provided reasons for and gave context to 
their beliefs. 
Interviewing students also gave further insight into the numerical results of the 
study as well as students’ short answer responses. The interview data presented in this 
study displays the ways in which students’ beliefs are constructed from their experiences 
working within the WebAssign platform, as well as their experiences in doing 
mathematics outside of school. For example, all three interviewees held the belief that 
online homework problems have one and only one right answer. Abbi explained how for 
her, this belief was informed by her experiences using WebAssign, including times where 
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her answer is incorrect simple because of not capitalizing a letter. Both Abbi and Taylor 
also expressed beliefs which were informed by what their future careers would be. In 
Abbi’s case, because she was going to be a future teacher, she held the conception that 
having an understanding of the underlying mathematical ideas was important because she 
wants to effectively be able to teach her students math. For Taylor, who is studying 
interior design, being able to solve math problems quickly depends on the type of 
problem being done, because certain mathematical tasks in her field of study are more 
complex in nature. 
In addition to providing context to students’ constructed beliefs, the interview 
data also illustrates ways in which students’ beliefs about mathematics in an online 
homework context lie in a separate cluster within their belief system from their beliefs 
about mathematics in an outside of school context, as discussed in the theoretical 
perspective. This clustering of beliefs is seen, for example, in the way Evan explained 
being able to solve math problems outside of school in multiple ways, but believing that 
online homework problems needed to be solved in one certain way. Beliefs which lie in 
separate clusters arise in independent contexts (Green, 1971), which may explain Evan’s 
different beliefs for the different contexts. 
6.2 Implications 
The results of this study inform ways in which online homework platforms can be 
utilized and improved in order to better foster more productive mathematical dispositions 
for students. As seen in this study, the use of unlimited tries may encourage students in 
constructing the productive belief that math problems can be solved using a variety of 
solution methods, and may support them in problem solving. Also, WebAssign could be 
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improved such that it accepts a wider range of answers, such as accepting rounded 
answers within a range of values. This may encourage students to be more focused on 
problem solving and understanding the problem rather than just being worried about 
appeasing a picky system by typing in an exact answer. Students’ complaints about 
programs being “picky”, both in this study and in the literature more broadly (Heenehan 
& Khorami, 2016; Leong & Alexander, 2014; Roth, Ivanchenko, & Record, 2008; 
Yushau & Khan, 2014), may indicate places in which students are missing an important 
component of instruction. For example, instructors may not have done a good enough job 
explaining why capitalization (or lack thereof) matters in mathematics. 
Also, these results show that MATH 1483 students have a variety of beliefs about 
doing math outside of a school context. For some, doing math in the real world means 
only doing “simple math”, but for others it means using the subject in their workplace 
figuring out the occupancy of a hotel or designing floor plans that comply with certain 
building regulations. Intentionally implementing opportunities for MATH 1483 students 
to reflect upon how mathematics is relevant and useful to their lives, including through 
things such as projects or reflection questions, could be useful to students in seeing 
mathematics as more meaningful outside of school, encouraging a productive 
mathematical disposition both in school and outside of it. 
6.3 Limitations 
 One limitation of this study lies in the fact that the beliefs of students had to be 
inferred from how they responded on the online survey, or from what they said in 
interviews. The nature of beliefs results in these inferences having to be made from what 
students say or do (Pajares, 1992). Though students’ short-answer responses and 
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interview data did provide valuable context to students’ professed beliefs, I remain aware 
that some students’ responses may have been informed by reasons which were not 
explicitly stated, resulting in an incomplete picture of students’ beliefs. Conducting more 
interviews, as well as potentially observing students as they work on online homework 
could provide further insight into students’ beliefs, which often times are subconsciously 
held. 
6.4 Recommendations for future work   
 Like mentioned at above, in building upon the current study, observations of 
students working on online homework could be conducted, to see if what they believe 
about the nature of mathematics in an online homework context influences their practice 
in any way, or if any connections between their stated beliefs and practice can be 
identified. Particularly for students such as Evan, who held the belief that since online 
homework problems require one specific answer, they should be solved one certain way, 
observing how such a belief effects students as they work on online homework could 
prove to be insightful. Also, intentionally implementing opportunities for MATH 1483 
students to reflect on their mathematical beliefs concerning an outside of school context 
could encourage these students to see the subject as being more useful and applicable to 
their lives. I mention reflection upon beliefs because, as Jankvist (2015) noted in his 
study, the higher level of reflection, the more likely any change in such beliefs will last. 
The literature review identified many instances in which students’ unproductive 
mathematical beliefs were altered and challenged, but remembering that reflection is a 
key part in lasting belief change is important, as beliefs are known to be resilient and 
resistant to change, developed throughout years of a students’ school experience. 
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 Another potential area of research would be to look into how other online 
homework platforms affect students’ beliefs about mathematics, including how enabling 
other features such as hints, or limiting the number of tries, helps to foster or discourage 
students in having productive mathematical beliefs. Continuing to explore how online 
homework platforms (including the features we enable within them) can be better 
improved to encourage students in having a more productive mathematical disposition is 
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Themes, criteria, examples, and frequency for survey item 12a: “The math in online 
homework is mostly a matter of memorizing formulas and procedures.” 
12a: The math in online 
homework is mostly a 
matter of memorizing 
formulas and procedures. 
Criteria: Example: Frequency 
(79 total 
responses) 
1. Online homework is 
about knowing how to 
use/understand the formula 
(both the formulas and 
understanding is important) 
1. student mentions both 
the importance of the 
formulas and being able 
to understand, OR 
2. they mention the 
importance of 
understanding how to 
use, and apply, the 
formulas, OR 
3. they explain that the 
formulas and procedures 
helps them understand 
the problem. 
“Its applying those 
procedures to help you 
understand” 
13 (16%) 
2. Online homework is 
about understanding what’s 
going on; it’s not just about 
memorizing; the underlying 
idea is important 
1. student mentions how 
understanding the 
underlying idea is 
important; they mention 
how knowing the 
underlying idea makes it 
easier to do the problem; 
OR 
2. they mention that 
memorization is not as 
helpful, OR 
“No, you should know 




 3. they simply express 
disagreement with the 
statement. 
  
3. Online homework does 
not involve many formulas 
1. student explains that 
there are not many 
formulas in online HW 
“There is not a lot of 
formulas” 
3 (4%) 
4. In online homework, 
memorizing formulas and 
procedures is what it’s 
about, and what gets you the 
answer 
1. student mentions that 
one just needs to formula 
to solve the problem, OR 
2. student mentions that 
knowing the formula is 
more important than the 
underlying idea, OR 
3. they simple express 
agreement with the 
statement 
“That’s all math really 
is to me. If I have a 
formula I will be able 
to workout the 
problem” 
38 (48%) 
5. Sometimes/It depends on 
the online homework 
problem whether or not it’s 
all about memorizing 
formulas/procedures 
1. student says 
“sometimes”, “it 
depends”, OR 
2. they explain that 
sometimes you need 
formulas and procedures, 
and other times you don’t 
“Sometimes you need 
to know the formulas 
and procedures, while 
other times you can 
figure it out without.” 
 
8 (10%) 
6. In online homework, I’m 
just looking for the answer, 
the one specific answer 
1. student explains that 
they are just looking for 
the right answer when 
doing online homework 






Themes, criteria, examples, and frequency for survey item 12b: “Math that is done 
outside of a school context is mostly a matter of memorizing formulas and procedures.” 
12b: Math that is done 
outside of a school context 
is mostly a matter of 
memorizing formulas and 
procedures. 
Criteria: Example: Frequency 
(71 total 
responses) 
1. Math outside of school is 
about knowing how to 
use/understand formulas 
(formulas and understanding 
equally important) 
1. student mentions both 
the importance of the 
formulas and being able 
to understand, OR 
2. they mention the 
importance of 
“You have to 
understand how to 





understanding how to 
use, and apply, the 
formulas, OR 
2. No- Math outside of 
school is mainly about 
understanding what’s going 
on, not just memorizing 
formulas 
1. student mentions how 
understanding the 
underlying idea is 
important; they mention 
how knowing the 
underlying idea makes it 
easier to do the problem; 
OR 
2. they mention that 
memorization is not as 
helpful, OR 
3. they simply express 
disagreement with the 
statement 
“I think it really relies 
on knowing the ideas” 
20 (28%) 
3. Math outside of school 
does not involve many 
formulas 
1. student explains that 
math problems outside of 
school do not involve 
many formulas 
“Formulas are not often 
use outside of school” 
5 (7%) 
4. Yes- math outside of 
school is mainly about 
memorizing formulas and 
procedures, they are what 
help get you the answer 
1. student explains that 
one just needs to formula 
to solve the problem, OR 
2. student explains that 
knowing the formula is 
more important than the 
underlying idea, OR 
3. they simple express 
agreement with the 
statement 
“It’ll help steer you in 




5. It depends on the math 
outside of school whether it 
is mostly about memorizing 
procedures and formulas  
1. student says that “it 
depends”, OR 
2. they explain that some 
problems don’t need 
formulas while others do 
“Not always, depends 
on the question” 
11 (15%) 
6. I’m unsure 1. student says “n/a”, or 
not sure 
“Unsure’ 1 (1%) 
7. Math outside of school is 
more flexible, you can solve 
problems in various ways, 
‘it’s subjective’ 
1. student explains that 
you can solve problems 
multiple ways outside of 
school, or you can find 
multiple ways to solve 
them, OR 
2. they explain that 
outside of school, there is 






more flexibility and 
subjectivity 
8. Math outside of school is 
about “winging it”, or doing 
it without thinking. 
1. student explains that 
they just “wing it”, or do 
mathematics outside of 
school quickly without 
thinking. 















































Themes, criteria, examples, and frequency for survey item 6a: “In addition to getting a 
right answer to an online homework problem, it is important to understand why the 
answer is correct” 
6a: In addition to getting a 
right answer to an online 
homework problem, it is 
important to understand 
why the answer is correct. 
Criteria: Example: Frequency 
(83 total 
responses) 
1a. Yes, understanding why 
an answer is correct is 
important for the sake of 
future problems or 
assignments or tests. 
1. student mentions how 
having an understanding 
is important – for the sake 
of doing well on tests or 
homework problems, OR 
2. they mention 
understanding is important 
in order to be successful 
in the class 
“You need to know 
how you did it for 
quizzes and tests” 
32 (39%) 
1b. Yes understanding why 
an answer is correct is 
important for the future 
1. student explains that 
having an understanding 
is important for the sake 
of the future (in a general 
sense, not specifically 
mentioning tests, 
problems, assignments) 
“For the future” 4 (5%) 
1c. Yes understanding why 
an answer is correct is 
important for the sake of a 
future career or job 
1. students explains that 
having an underlying 
understanding is important 
because of their future 
career or job 
“If you cannot even 
understand it. How 




2. Yes understanding why 
an answer is correct is 
important just for the sake 
of understanding, the 
underlying idea is important  
1. student explains that 
understanding the 
underlying idea is 
important, OR 
2. mention of 
“understanding why”, 
“knowing how”, OR 
3. they simply express 
agreement with the 
statement. 
“It’s important to 
know why you’re 




3. Sometimes the online 
homework problem is hard, 
so sometimes I don’t 
understand it  
1. student explains that 
they sometimes don’t 
understand the OHW 
problems, or that the 
problems are hard 
“Sometimes I do not 
understand why I got 
an answer right” 
2 (2%) 
4. Understanding in online 
homework is not necessarily 
important, I just want to get 
an answer and move on  
1. student explains that 
they are not worried about 
understanding the 
problem, OR 
2. they explain they just 
want to get the answer and 
move on, OR 
3. they explain that often 
times they are not trying 
to understand why an 
answer is correct 
“I typically care 
about the answer and 
getting it right more” 
10 (12%) 
5. It depends on the person 
or the problem 
1. student explains that it 
depends on the person, or 
the problem 
“Depends on the 
student but I think so 
but others may not” 
2 (2%) 
  6. If you understand, you 
can be confident your answer 
is correct or you will be alert 
to wrong answers 
1. student explains that 
understanding is important 
so that you know you 
answer is correct or you 
will be alert to wrong 
answers. 
“Yes that way you 
can understand if a 





Themes, criteria, examples, and frequency for survey item 6b: “When math is done 
outside of a school context, it is important to understand why the answer is correct, in 
addition to getting the right answer” 
6b: When math is done 
outside of a school context, 
it is important to 
understand why the answer 
is correct, in addition to 
getting the right answer. 
Criteria: Example: Frequency 
(75 total 
responses) 
1a. Understanding why an 
answer is correct outside of 
school is important so you 
can solve other similar 
problems in the future.  
1. student explains how 
having an understanding 
is important – for the sake 
of future problems, or 
similar situations 
“So you don’t have to 




1b. Yes understanding why 
an answer is correct is 
important outside of school 
because of the future 
1. student explains that 
having an understanding 
is important for the sake 
of the future (in a general 




“For the future” 6 (8%) 
1c. Yes understanding why 
an answer is correct outside 
of school is important for the 
sake of a future career or job 
1. student explains that 
understanding the 
underlying idea is 
important for the sake of 
their career or job 
“I would agree based 
on a certain career in 
order to have 
knowledge when it is 
needed in the future” 
2 (3%) 
2. Understanding why the 
answer is correct outside of 
school is important just for 
the sake of understanding, 
knowing the underlying 
ideas is important 
1. student explains that 
understanding the 
underlying idea is 
important, OR 
2. mention of 
“understanding why”, 
“knowing how”, OR 
3. they simply express 
agreement with the 
statement. 
“You need to know 
how you got your 
answer.” 
24 (32%) 
3. Understanding why an 
answer is correct outside of 
school is not important, you 
just need the answer and 
don’t need to explain it  
1. student explains that 
understanding is not 
important, OR 
2. they are just worried 
about getting the answer 
and moving on, OR 
3. the simply express 
disagreement with the 
statement. 
“It doesn’t really 
matter to me outside 
of school” 
12 (16%) 
4. Understanding why an 
answer is correct outside of 
school is important because 
there could be serious 
consequences if you don’t 
and/or knowing that 
something will work the way 
you think it does is important 
1. student explains that 
understanding is important 
outside of school, because 
of consequences that 
could happen if you don’t, 
or because it is a real-life 
situation, OR 
2. they explain the 
importance of knowing 
that something WILL 
work the way you think it 
does 
“It can be a matter of 
life or death in some 
cases, while using 
medications” 
14 (16%) 
5. It depends on the question 
whether it’s important to 
1. student explains that it 
depends, OR 
“Sometimes it 




understand why the answer 
is correct 
2. they explain that 
sometimes understanding 
does matter, but other 
times it doesn’t 
doesn’t” 
6. I’m not sure 1. student explains that 
they’re not sure, or 
explains that they don’t 
know how to explain it 
“Eh don’t really think 
about it” 
2 (3%) 
7. I don’t use math outside of 
school 
1. student explains that 
they do not use math 
outside of a school context 
“Don’t really use 
math outside of 
school” 
1 (1%) 
8. If you understand it you 
can explain it to others (need 
to justify reasoning) 
1. student explains that 
understanding is important 
so that you can explain it 
to other people. 
“If you understand 
why it is correct, you 
can explain it 







































Themes, criteria, examples, and frequency for survey item 10a: “It doesn’t really matter 
if you understand an online homework problem, as long as you can get the right answer” 
10a: It doesn’t really 
matter if you understand 
an online homework 
problem, as long as you 
can get the right answer. 
Criteria: Example: Frequency 
(79 total 
responses) 
1a. Understanding how 
you got the right answer 
to an online homework 
problem is important for 
the sake of future 
problems or assignments 
or tests  
1. student mentions how 
having an understanding is 
important – for the sake of 
doing well on tests or 
homework problems, or 
“for the future”, OR 
2. they mention that 
understanding is important 
in order to “be successful” 
“You need to 
understand it for the 
exam” 
35 (44%) 
1b. Understanding how 
you got the right answer 
to an online homework 
problem is important for 
the sake of the future (in a 
general sense) 
1. student explains that 
having an understanding is 
important for the sake of 
the future (in a general 
sense), does not explicitly 
mention future problems, 
or tests 
“You have to know 




2. In online homework, all 
you need is the right 
answer, not 
understanding, for the 
sake of a good grade 
1. student explains that just 
getting the answer, or the 
grade, is what matters, OR 
2. they explain that 
sometimes they don’t have 
time to worry about the 
understanding, OR 
3. there is no need to 
demonstrate the 
understanding in OHW, 
OR 
4. they simply express 
agreement with the 
statement 
“It’s all about getting a 
good grade” 
17 (22%) 
3. Understanding how you 
got that right answer to an 
1. student explains that 
understanding the 
“You should always 





problem; the underlying 
idea is important 
underlying idea is 
important (just as much as 
getting the answer), OR 
2. mention of 
“understanding why”, 
“knowing how”, OR 
3. they explain that if you 
got the answer, then you 
understand how to do it, 
OR 
4. they simply express 






Themes, criteria, examples, and frequency for survey item 10b: “When math is done 
outside of a school context, it doesn’t really matter if it is understood, as long as the 
answer is right” 
10b: When math is done 
outside of a school context, 
it doesn’t really matter if 
it is understood, as long as 
the answer is right. 
Criteria: Example: Frequency 
(69 total 
responses) 
1a. Outside of school, 
understanding how you got 
the right answer is 
important for the sake of 
future problems, or tasks 
that are similar 
1. student explains how 
having an understanding 
is important – for the sake 
of future problems, or 
similar situations, “for the 
future”, OR 
2. they explain how 
understanding is important 
in order to improve or be 
successful 
“You have to 
understand how to 
work the problem so 
it’ll help with future 
problems” 
13 (19%) 
1b. Yes understanding is 
important outside of school 
for the sake of a future 
career or job 
1. student explains that 
having an understanding 
is important because of a 
job or career they will 
have in the future 
“If your job requires 
this math, you have to 
know” 
2 (3%) 
2. What matters outside of 
school is just getting the 
right answer and moving 
1. student explains that 
having an understanding 
is not important, OR 
“As long as it worked 





on, not worrying about 
understanding 
2. they explain that they 
are just worried about 
getting the answer and 
moving on, OR 
3. they simply express 
agreement with the 
statement 
 
2a. Understanding isn’t as 
important because problems 
outside of school have more 
leeway with how to solve 
things  
1. student explains that 
having an understanding 
is not as important 
because outside of school 
there is more leeway with 
how to solve things. 
“I disagree less 
because I think math 
outside school has 
more leeway with how 
to solve things” 
1 (1%) 
3a. Outside of school, 
understanding how you got 
the right answer; the 
underlying idea is important 
outside of school 
1. student explains that 
understanding the 
underlying idea is 
important (just as much as 
getting the answer), OR 
2. mention of 
“understanding why”, 
“knowing how”, OR 
3. they explain that if you 
got the answer, then you 
understand how to do it, 
OR 
4. they simply express 
disagreement with the 
statement. 
“You should always 
know how you solved 
the problem at hand” 
23 (33%) 
3b. Understanding how you 
got the right answer is 
important outside of school 
to avoid potential 
consequences 
1. student explains that 
having an understanding 
of the mathematics is 
important to avoid 
potential consequences 
“I think it could be 
detrimental if you 
don’t know what’s 
going on” 
2 (3%) 
3c. Understanding how you 
got the right answer is 
important outside of school 
so that you know your 
answer is correct 
1. student explains that 
having an understanding 
of the mathematics is 
important so that they 
know the answer is 
correct. 
“Right answers with 
no way to show what 
you know are useless” 
3 (4%) 
3d. Understanding is 
important outside of school 
because you need to be able 
to justify your answer 
1. student explains the 
importance of being able 
to justify their answer 
“You have the right 
answer, but you may 




3e. Understanding is 
important outside of school 
so that you can be able to 
leave a trail for others 
1. student explains the 
importance of having an 
understanding of the 
problem so that you can 
explain it to others; so that 
others will understand 
“It matters if you need 
to explain it to another 
person” 
4 (6%) 
4. It depends (if 
understanding the problem 
is important)  
1. students says “It 
depends” OR 
2. they explain that 
sometimes understanding 
the problem is important, 
and other times it is not. 
“Sometimes true but 
sometimes not true” 
10 (14%) 
5. I’m not sure 1. student says “not sure”, 
or explains that they don’t 
know 






































Themes, criteria, examples, and frequency for survey item 2a: “There are often several 
different ways to solve an online homework problem.” 
2a: There are often several 
different ways to solve an 
online homework problem. 
Criteria: Example: Frequency 
(88 total 
responses) 
1. There might be multiple 
ways to solve an online 
homework problem, but 
most the time there’s not (or 
I choose one way)  
1. student mentions that 
multiple ways of 
solving exist, but they 
stick to certain ways of 
solving. 
“I know there are 
multiple ways 
sometimes, but I tend 
to stick to formulas for 
simplicity“ 
6 (7%) 
2. There is more than one 
way to solve problems in 
online homework  
1. student explains 
there is multiple ways 
to solve problems 
(including ways such as 
using calculator, 
solving by hand, using 
guess & check, other 
help sources), OR 
2. mention of some 
students being able to 
solve a problem or 
think in different ways, 
OR 
3. simply stating that 
they agree with the 
statement 
“You can do it many 
different ways usually” 
 
51 (58%) 
3. There is one distinct 
answer in online homework 
1. student explain that 
the OHW has one 
specific, distinct answer 
“Sometimes you must 
give the exact answer 
the computer wants 
even though there 
could be others” 
11 (13%) 
4. Sometimes/it depends on 
the online homework 
problem whether or not there 
is multiple ways to solve it 
1. student says “it 
depends”, “sometimes”, 
OR 
2. student explains how 
in some settings 
problems can be solved 
“On some problems 
you can solve it 






multiple ways, but not 
in other settings. 
5. There is one way to solve 
online homework problems, 
I stick to the formulas or one 
way of solving them  
1. student mentions that 
OHW problems need to 
be solved one way, or 
that most of the time 
they solve them using a 
formula, or one way, 
OR 
2. they mention that 
OHW is made to be 
solved one way 
“Most of the time there 




6. I’m not sure whether there 
are multiple ways to solve 
online homework problems 
1. student explains that 
they are not sure, or 
don’t know 




Themes, criteria, examples, and frequency for survey item 2b: “There are often several 
different ways to solve an math problems that are done outside of school.” 
2b: There are often several 
different ways to solve 
math problems that are 
done outside of a school 
context. 
Criteria: Example: Frequency 
(82 total 
responses) 
1. There’s multiple ways to 
solve problems outside of 
school 
1. student explains that 
there are multiple ways 
to solve problems, 
mention of not needing 
to use a certain formula 
or method, mention 
alternative ways to 
solve the problems, OR 
2. they explain how 
math outside of school 
is not as formal, is 
“unexpected”, OR 
3. they simply say that 
they agree with the 
statement 
“There are often 





2. Sometimes/it depends on 
the problem if there are 
multiple ways to solve it  
1. student says “it 
depends”, 
“sometimes”, OR 
“The number of 
answers will depend 








that you could be 
doing. “ 
 
3. Math problems are easier 
outside of school  
1. along with agreeing 
with the statement, the 
student explains that 
they mostly do basic or 
easy math outside of 
school, OR 
2. along with agreeing 
with the statement, the 
student gives outside of 
school math examples, 
such as “shopping” 
“I normally am doing 
very basic math 
outside of school” 
 
7 (9%) 
4. I’m not sure 1. students expresses 
that they are not sure, 
or don’t know 
“Not quite sure” 3 (4%) 
5. The answers outside of 
school don’t have to be 
specific 
1. student explains how 
answers outside of 
school are more 
“broad” 
“The answer can be 
more broad” 
1 (1%) 
6. In school there is one way 
to solve problems 
1. student mentions that 
in school, there is one 
way to solve problems 
(they include this to 
contrast with outside of 
school) 
“In school we know of 
one way, the way we 
learn in class” 
3 (4%) 
7. There is one answer to 
outside of school problems, 
getting the answer is the goal 
1. student specifically 
mentions that outside 
of school there is “one 
answer” to problems, 
OR 
2. explains how getting 
the answer as the goal 





















Themes, criteria, examples, and frequency for survey item 8a: “To solve math problems 
in online homework, you have to know the exact procedure for each problem.” 
8a: To solve math problems 
in online homework, you 
have to know the exact 
procedure for each 
problem. 
Criteria: Example: Frequency 
(80 total 
responses) 
1. In online homework you 
don’t need to know the exact 
procedure, there are multiple 
ways to solve problems  
1. student explains that there 
are multiple ways to solve a 
problem, or that you can 
find multiple ways to solve 
a problem, OR 
2. they explain how you 
don’t have to solve problem 
a certain way, OR 
3. they express 
disagreement with the 
statement 
“There’s not always 
a “right” way to 
solve a problem” 
31 (39%) 
2. In online homework you 
should know the exact way to 
do the problem, that’s how 
you get it right, it makes it 
easier 
1. student explains that you 
have to know the exact way 
to solve a problem, OR 
2. they explain that knowing 
the exact procedures is what 
gets the right answer, and 
makes it easier, and helps 
you do well on exams, OR 
3. they mention how the 
OHW program needs you to 
solve the problems in a 
certain way, OR 
4. they simply express 
agreement with the 
statement 
“I think so because 
we learn exact 
formulas and 
procedures… it at 
least definitely 
makes it easier” 
 
33 (41%) 
3. You don’t need the exact 
procedure in online 
homework, you can just guess 
1. student explains that you 
can just guess on OHW 
problems. 
“You can sort of 
just guess” 
3 (4%) 
4. You don’t always need 
exact procedures in online 
homework, you can figure it 
1. student explains that you 
can answer OHW problems 
by just figuring it out, 
“As long as you 





out having a basic 
understanding 
having a basic 
understanding, or a general 
idea 
are fine” 
5. It depends on the online 
homework problem if you 
need an exact procedure  
1. students says “it 
depends”, OR 
2. they explains how 
sometimes you do need 
exact procedures, while 
other times you don’t. 
“Some do some 
don’t” 
11 (14%) 
6. Online homework needs a 
specific answer 
1. student explains that the 
OHW requires one specific, 
right answer, OR 
2. they mention that the 
computer is picky about 
answers. 






Themes, criteria, examples, and frequency for survey item 8b: “To solve math problems 
outside of a school context, you have to know the exact procedure for each problem.” 
8b: To solve math problems 
outside of a school context, 
you have to know the exact 
procedure for each problem. 
Criteria: Example: Frequency 
(77 total 
responses) 
1. Outside of school, one 
procedure is not always needed, 
there are different ways to solve 
math problems outside of 
school  
1. student explains that 
there are multiple ways to 
solve problems outside of 
school, or that you can find 
multiple ways to solve the 
problem, OR 
2. they explain that you 
don’t have to solve a 
problem one certain way, 
OR 
3. they simply express 
disagreement with the 
statement 
“Different ways to 
solve” 
“There’s not 
always a right way 




2. I don’t have an opinion, or 
am unsure 
1. student says that they 
don’t have an opinion, or 
that they are unsure 
 
“I do not have an 
opinion on this” 
2 (3%) 
3. To solve math problems 
outside of school, you can guess 
1. student explains that you 
can just guess to solve the 
“Sometimes you 




or make it up as you go  problems, or that you can 
just make it up as you go. 
make it up as you 
go” 
“You can sort of 
guess” 
4. When doing math outside of 
school, you need to know the 
correct procedures to get it 
right, it makes it easier 
1. student explains that you 
have to know the exact 
way to solve a problem, 
OR 
2. they explain that 
knowing the exact 
procedures is what gets the 
right answer, and makes it 
easier, OR 
3. they simply express 
agreement with the 
statement 
“If you want to get 
the answer correct, 
then yes you 
should know the 
procedures” 
16 (21%) 
5. It depends on the problem 
outside of school whether you 
need an exact procedure 
1. student says “it 
depends”, “sometimes”, 
OR 
2. they explain that 
sometimes problems might 
require exact procedures, 
and other times not. 
“Depends on the 
problem” 
“I think its possible 
to learn outside of 
the classroom with 
exact procedures” 
9 (12%) 
6. Just getting the right answer 
is what is important outside of 
school, they don’t need 
explanation 
1. student explains that the 
goal is just to get the right 
answer, OR 
2. they explain that there is 
no need for explanation 
outside of school 




outside of school” 
2 (3%) 
7. For math problems outside of 
school, you can figure it out 
having a basic understanding 
1. student explains that you 
can answer OHW problems 
by just figuring it out, 
having a basic 





“You can figure it 
out” 
10 (13%) 
8. Math problems outside of 
school have one right answer 
1. student explains that 
math problems have one 
set, right answer. 
“Math problems 
have a set 
solution” 
1 (1%) 
9. Math problems outside of 
school may be more complex 
than those that can be solved 
with a simple formula 
1. student explains that 
math problems outside of 
school might not be able to 
be solved with a simple 
procedure or formula. 
















Themes, criteria, examples, and frequency for survey item 11a: “Online homework 
problems have one and only one right answer.” 
11a: Online homework 
problems have one and only 
one right answer. 
Criteria: Example: Frequency 
(79 total 
responses) 
1. OHW problems have one 
exact right answer (the 
program is picky about 
entering answers)  
1. student explains that there 
is only one right answer to 
OHW problems, OR 
2. they explain that the 
OHW system is picky, only 
accepts one (perfect) 
answer, OR 
3. they simply express 
agreement with the 
statement 
“Because you 




has only one 
correct answer” 
55 (70%) 
2. OHW problems could have 
multiple answers – including 
things like rounding 
differently or reordering an 
expression  
1. student explains that 
OHW problems could have 
multiple answers, OR 
2. they mention that the 
OHW could accept a range 
of answers, like if you 
rounded differently , OR 
3. they simply express 







3. It depends on the problem 
if it has exactly one answer 
1. student says “it depends”, 
OR 
2. they explain that 
sometimes there is only one 
right answer, and sometimes 
there is more than one right 
answer. 
“Depends on the 
problem” 
“Sometimes 
there is more 





4. I’m not sure 1. student says “I’m not 
sure”, OR 
“Not really sure” 3 (4%) 
120 
 
2. they explain than they 
neither agree nor disagree 
5. You can solve OHW 
problems in multiple ways 
1. student explains that there 
can be more than one way 
to solve a problem 
“Math has many 





Themes, criteria, examples, and frequency for survey item 11b: “Math problems that are 
done outside of a school context have one and only one right answer.” 
11b: Math problems that 
are done outside of a 
school context have one 
and only one right answer. 
Criteria: Example: Frequency 
(73 total 
responses) 
1. Math problems outside of 
school have exactly one 
right answer 
1. student explains that math 
problems outside of school 
has exactly one right answer, 
OR 
2. they simply express 
agreement with the statement 
“They only have 
one right answer, 
its either right or 
wrong” 
16 (22%) 
2. It depends on the 
problem/context whether 
there is only one answer 
1. students says that “it 
depends”, they explain that it 
depends on the problem or 
the context, OR 
2. they explain that 
sometimes problems have 
only one right answer, while 
other times they can have 
more than one 
“The problems can 
vary” 
27 (37%) 
3. Math problems outside of 
school can have multiple 
answers; outside of school 
the math is more flexible  
1. student explains that math 
problems can have multiple 
right answers, OR 
2. they explain that outside 
of school there is more 
flexibility in the answers, OR 
3. they simply express 
disagreement with the 
statement 
“There’s more 
freedom outside of 
school conformity” 
25 (34%) 
4. Math problems outside of 
school can be solved 
multiple ways 
1. Student explains that math 
problems outside of school 
can be solved in multiple 
ways. 
“There can be more 
than one way to 
solve a math 
problem” 
9 (12%) 
5. I’m not sure whether 
problems outside of school 
1. student says “not sure”, 
“n/a”, or they explain that 
“Unsure” 7 (10%) 
121 
 




















































Codes, criteria, examples, and frequency for survey item 9a: “Students who understand 
the math they have studied will be able to solve any assigned online homework problem 
in five minutes or less.” 
9a: Students who 
understand the math they 
have studied will be able 
to solve any assigned 
online homework 
problem in five minutes 
or less. 
Criteria: Example: Frequency 
(81 total 
responses) 
1. Finishing an OHW 
problem in 5 minutes or 
less depends on the person  
1. student explains that it 
depends on the person whether 
or not you should be able to 
solve the problem in five 
minutes or less, OR 
2. they explain that sometimes 
they can solve a problem in 
five minutes or less, but other 
times they can’t 
“You may take 
longer to work the 
problem out it 
depends” 
18 (22%) 
2. OHW problems should 
be done in 5 minutes or 
less, these problems are 
easy if you understand the 
math  
1. student explains that you 
should be able to solve the 
OHW problems in five 
minutes or less, OR 
2. they explain how the OHW 
problems are easy, so they 
don’t take much time if you 
understand the math, OR 
3. they simply express 
agreement with the statement. 
“They will be 
better at problem 
solving when they 
fully understand” 
“I’m sure of it” 
26 (32%) 
3. Even if you understand, 
that doesn’t mean you have 
to do the OHW problem in 
5 minutes or less 
(Understanding doesn’t 
mean doing quickly) 
1. student explains that even if 
you understand the problem, 
that does not mean that you 
should solve the problem in 
five minutes or less. 
“Even though they 




4. It depends on the 
problem, there are some 
problems that could take 
1. student explains that it 
depends on the problem 
whether or not they should be 
“It could take you 





longer than 5 minutes, 
some problems are harder 
able to solve it in five minutes 
or less, OR 
2. they explains that some 
problems could take longer 
than 5 minutes, OR 
3. they explain that some 
problems are harder, so they 
may take more time. 
“The problems in 
class are really 
easy but the online 
can be really hard” 
5. It takes me longer 
because I like to check my 
answers 
1. student explains that it takes 
them longer than five minutes 
to solve a problem because 
they like to check their 
answers 
“Some students 





Codes, criteria, examples, and frequency for survey item 9b: “Math problems that are 
done outside of a school context can be solved in five minutes or less.” 
9b: Math problems that 
are done outside of a school 
context can be solved in 
five minutes or less. 
Criteria: Example: Frequency 
(76 total 
responses) 
1. Solving a problem outside 
of school in 5 minutes or less 
depends on the person 
1. student explains that it 
depends on the person 
whether or not you should 
be able to solve the 
problem in five minutes or 
less, OR 
2. they explain that 
sometimes they can solve a 
problem in five minutes or 
less, but other times they 
can’t 
“It depends on the 
person. Not everyone 
is the same” 
“Not true for 
everyone” 
17 (22%) 
2. It depends on the problem, 
there are problems that take 
longer than 5 minutes, like if 
the problem is complex, or if 
it’s in a new context 
1. student explains that it 
depends on the problem 
whether or not you should 
be able to solve it in five 
minutes or less, OR 
2. student explains that 
some problems could take 
longer than 5 minutes, OR 
2. they explain that some 
problems are harder, more 
“Some problems are 
harder than others” 
“No I think they can 
be solved in more 




complex,  so they may take 
more time 
3. Problems outside of 
school could be done in 5 
minutes or less, they are easy 
if you understand the math, 
it's just simple math 
1. student explains that you 
should be able to solve the 
math problems outside of 
school in five minutes or 
less, OR 
2. they explain how the 
math problems are easy, or 
it’s just simple math, OR 
3. they simply express 
agreement with the 
statement. 
“Most math problems 
done outside of 
school are simple 
math” 
“If you know it, you 
can solve it” 
12 (16%) 
4. Even if you understand, 
that doesn't mean you have 
to do problems outside of 
school in 5 minutes or less 
(understanding doesn't mean 
doing quickly) 
1. student explains that 
even if you understand the 
problem, that does not 
mean that you should solve 
the problem in five minutes 
or less. 
“Some students may 
understand what they 
are solving but at 
times they might 
have to think a little 
longer to solve it” 
1 (1%) 
5. I don't know 1. students says, “I don’t 
know” 
“I don’t know” 2 (3%) 
6. Some problems take 
longer than five minutes 
because accuracy is very 
important 
1. student explains that 
problems could take longer 
than five minutes because 
being accurate, and getting 
the answer right, is very 
important 
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